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1. INTRODUCTION 


1.1 Need For a New Approach 

Societal pressures and national policies emphasize "the protection and 
enhancement of the natural and human environment, the need for coordinat- 
ing transportation improvement projects with related social, economic and 
environmental programs, and the desirability of fostering an open, informed 
and participatory decision-making process. These national policies have 
been articulated in such Federal legislation as the Department of Trans- 
portation Act of 1966 which requires: 

'...the development of national transportation policies and programs 
conducive to the provision of fast, safe, efficient, and convenient 
transportation at the lowest cost consistent therewith and with 
other national objectives, including the efficient utilization and 
conservation of the Nation's resources,’ 
the Federal -Aid Highway Act of 1970 , which requires: 

’...that possible adverse economic, social, and environmental effects 
relating to any proposed project on any Federal -aid system have been 
fully considered in developing such projects and that the final deci- 
sions on the project are made in the best overall public interest, 
taking into consideration the need for fast, safe, and efficient 
transportation, public services, and the costs of eliminating or 
minimizing such adverse effects, 1 

and the National Environmental Policy Act of 1969, which requires: 

'...a systematic, interdisciplinary approach which will insure the 
integrated use of the natural and social sciences and the environ- 
mental design arts in planning and in decision-making which may have 
an impact on man's environment.'" (U.S. Department of Transportation, 
1975.) 

Furthermore, attention is becoming increasingly focused on the initial 
activities of the system acquisition process, on demonstrating that a 
choice of transportation concept or technology will achieve stated objec- 
tives, and on generally satisfying the information requirements of 
major decision milestones in the planning and development of major 
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systems (OMB Circular Mo. A-?109, 1976). 


A new and innovative methodology is needed if transportation analysis and 
evaluation are to be responsive to these pressures and policies. The 
need arises as a consequence of the nature of an intercity transportation 
system, of the requirements for transportation decision-making, and of 
the state-of-the-art in transportation planning. 

Intercity transportation systems are inherently large-scale, complex 
systems requiring long lead-time programs for their planning and acquis- 
ition. Furthermore, they have major social and economic consequences 
for the nation, as well as for the region they serve directly. Assessing 
alternative transportation concepts during the initial phases of the sys- 
tem life cycle, when supportive research and technology development 
activities are defined, requires estimates of transportation, environ- 
mental, and socio-economic impacts throughout the system life cycle — 
a period of some forty or fifty years. 

Decisions concerning intercity transportation concepts and technology 
necessarily involve the evaluation of projected time flows of conse- 
quences extending forty or fifty years into the future. Conventional 
discounting practices are inadequate for evaluating these long term 
estimates of life cycle costs and benefits. Of particular concern is 
the fact that benefits of an investment in transportation technology are 
not realized until the last twenty or thirty years of the system life 
cycle, and current discounting practices tend to degrade such long range 
values to relative insignificance. This consequence of using standard 
discounting methods can be incompatible with societal goals and govern- 
ment policies. 

The increasing emphasis on satisfying the needs of defined decision situ- 
ations demands an evaluation methodology that focuses on the decision, on 
the decision-makers, and on pertinent policies and objectives. Since 
objectives include environmental and socio-economic considerations, 
evaluating transportation decisions requires estimates of environmental 
and socio-economic impacts of those decisions. "Transportation alter- 
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natives should evolve from a set of explicit public and private sector 
goals and objectives relating to both the transportation system and to 
the broader community context into which the transportation system is 
to be integrated, A major flaw in early transportation planning proces- 
ses was the extent to which transportation considerations were isolated 
from social, economic and environmental planning" (U.S. Department of 
Transportation, 1975), Decision-making at the national level must be 
responsive to complex value systems representing transportation , environ- 
mental , societal, and economic policies and objectives. 

Unfortunately , current planning technology has neither the analysis 
models nor the data base for adequately dealing with: 

# the complexity of intercity transportation systems 

m the complexity of the interactions between a transportation sys- 
tem and the environments in which it is embedded 

* definition and application of the complex value systems that 
underlie transportation decision-making 

« a long term planning period 

Present forecasting methods are based on extrapolation of historical 
trends and are rarely considered valid for more than a few years (e.g., 
Martino, 1972). More sophisticated prediction techniques (e.g., Saaty, 
1977) are becoming available. Deficient data bases, however, prevent 
adequate validation of the models designed to deal with the complexities 
of a transportation system and its impacts. 

As a result of pressures on the transportation analyst to use "hard" data 
and validated or, at least, reasonably well known models, there is a 
tendency to limit transportation studies to traffic and cost analyses 
and to avoid the problems of long range predictions, discounting, and 
degree of achievement of agency policies and objectives. Study outputs 
are frequently, therefore, not compatible with the information needs of 
transportation decision-maki ng. 

What is needed is a methodological approach that focuses on the decision 


*> 
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to bs mads and Its Information requirements . The decision situation, 
including the policies and objectives of the decision-makers and their 
organization, can provide explicit guidance for planning the transporta- 
tion study and its information outputs. The advantages of a decision- 
oriented methodology include: 

• identification of the information elements needed by the deci- 
sion-makers 

• selection of the best available data and models for estimating 
needed information elements 

• identification of gaps and deficiencies in data bases and model- 
ing capabilities so that transportation planning tools and tech- 
niques can be improved within an organizing framework 

A decision-oriented methodology for the analysis and evaluation of inter- 
city modal concepts is presented and illustrated in this report. 

1.2 Objectives 

The objectives of the ECONERGY study are: 

• to develop a unified methodological framework for the comparison 
of intercity passenger and freight transportation systems 

• to review the attributes of existing and future transportation 
systems for the purpose of establishing measures of comparison 

These objectives have been achieved and, in addition, were made more 
specific to include: 

• development of a methodology for comparing long term transporta- 
tion trends arising from implementation cf various R&D programs 

• definition of value functions and attribute weightings needed for 
comparing alternative policy actions for furthering transporta- 
tion goals 

It was not an objective of the Phase I study to implement the methodology 
beyond an illustrative example. While as much realism as possible and 
actual data , where readily available, were utilized, the conclusions con- 
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earning transporation alternatives are, nevertheless, only Illustrative. 


1.3 Scope 

During the present study, the decision-oriented methodology was adapted 
to needs of: 

* decision-makers in an agency of the Executive Branch of the 
U.S. Government 

» decisions concerning intercity transportation technologies and 
modal concepts during the initial concept phase of the system 
1 ife cycl e 

This Phase I effort focused on the evaluation framework of the compari- 
son methodology. An evaluation model was developed and its application 
in guiding the planning of transportation analysis activities, as well 
as in the evaluation of intercity transportation alternatives, was illus- 
trated. The analysis and evaluation of intercity transportation alter- 
natives for as, actual decision situation will be a follow-on Phase II 
effort . 

1.4 Organization of Report 

The reader may be guided in his reading of this report by knowing, in 
advance, some of the things to look for. In Chapter 2, the theoretical 
principles which under! v the ECONERGY methodology are established. The 
basic structure of the decision problem is exemplified by Figures 2.1 
and 2.3. The basic building blocks are synthesis of alternative trans- 
portation systems, analysis of these systems, and finally evaluation. 
Chapters 3, 4, 5 and 6 specifically address these separate aspects of 
the methodology. 

The theoretical development in each chapter is treated first but, in 
order to relate this development with its practice, a hypothetical 
example case is used for illustration. The case chosen was that of the 
Los Angeles-San Francisco corridor. The formulation of the case was 



predicated on a long-term projection of the U.S. GNP, the proportionate 
share of economic activity attributable to the counties of the California 
corridor, physical constraints on expansion of various modes, and other 
attributes of the regional system. Because of the largely hypothetical 
nature of the illustration, detailed discussion of how the various para- 
meters and variables were obtained was not considered rel event. However, 
the data on which the case was structured were reasonably accurate 
although incomplete. Some assumed values were merely based on reasonable 
judgments. 

As the development of the methodology proceeds through Chapters 3,4, 

5 and 6, more and mare emphasis is placed on the example case until in 
Chapter 7 where the major discussion is related to the example. Appendices 
A, B and C provide back up material and amplifications of the case. 

In order to develop a sound background, a number of other transportation 
related questions had to be examined. Some very important theoretical 
issues had to be studied in depth. However, it was deemed advisable to 
follow the logic of the methodology without interspersing other concepts. 
Therefore, these basic background questions were addressed in Appendix D. 
Two very important issues raised in Appendix D should be considered in 
depth because of their importance to the methodology. These are: 

• The need for a long-te^m perspective and the formulation of 
transportation 

• The question of the underlying concept of discounting as an 
important factor in relative-worth evaluation of all performance 
cri teri a . 
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2. TECHNICAL APPROACH 


2.1 Decision Orientation 


The primary purpose underlying comparison of intercity transportation 
systems is to provide information for decision-making in transportation 
planning, design, and management. The comparison methodology is focused, 
therefore, on the decision to be made and on the implied information 
requirements. 

The development of a methodological framework for the evaluation of 
alternative intercity transportation concepts has been guided by the fol- 
lowing decision-making requirements as listed on page 6 of the ECQNERGY 
proposal for this contract: 

• it is desirable to be able to review, discuss and communicate 
the bases for major decisions concerning the selection of inter- 
city transportation modal concepts 

• evaluation of alternatives should be consistent from alternative 
to alternative 

• evaluation of alternatives should be compatible with stated 
policies and objectives of the responsible agency 

The comparison methodology developed by ECQNERGY is adaptable to chang- 
ing technologies and changing priorities. In particular, the method- 
ology permits current attitudes towards federal intercity transportation 
decision-making to be reflected. These attitudes were abstracted from 
the following federal documents: 

(1) The comparison methodology is designed to assure compliance with 
policy statements of 0MB Circular No. A-109 (1976) that federal agen- 
cies, when acquiring major systems: 

• will express needs and program objectives in mission terms 
and not in equipment terms 

• will place emphasis on the initial activities of the system 
acquisition process to allow competitive exploration of 
alternative system design concepts in response to mission needs 
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• should ensure appropriate trade-offs among investment costs, 
ownership costs, schedules and performance characteristics 

(2) The comparison criteria are derived from DOT policy and RD&D man- 
agement objectives (DOT, 1972; OSTIS, June 1977) to assure compati- 
bility with DOT policies, goals and objectives. 

(3) The evaluation framework represents explicit implementation of 
Step 2 of Task A of the Transportation Planning Process defined in DOT 
(1975, pp. 19-27). 

In addition, display techniques incorporated in the ECONERGY methodology 
demonstrate a capability to highlight: 

• strengths and weaknesses of each candidate alternative with 
respect to the defined comparison criteria 

• an aggregated relative score for each alternative that is com- 
patible with selected weighting functions which represent 
explicit trade-off relationships 

• sensitivity of aggregated relative scores to changes in trans- 
portation system descriptors, relative worth functions and 
weighting functions 

2.2 Methodological Framework 

Every decision involves, either explicitly or implicitly, the activi- 
ties indicated in Figure 2.1 (Lifson, 1972}, 


Synthesis of Alternatives 

A decision implies a set of alternatives from which the decision-maker 
chooses an alternative to be implemented. (Decision-maker, as used 
here, means a person or set of people.) There must, therefore, be 
some activity that synthesizes and describes this set of alternatives. 

An alternative transportation system is defined as a set or portfolio 
of intermodal systems (i.e., highway, fixed guideway, air, etc.,) that 
are combined to satisfy specified transportation goals and objectives. 
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Figure 2,1 - Information Processing for Decision-Making 





The question is not whether one mode alone is better than another but 
rather which combination of modes best satisfies a societal aspiration 
for future transportation, with today's system as the given initial 
configuration from which all projected alternatives must flow. 

Analysis 

A decision-maker has some beliefs concerning the consequences asso- 
ciated with each alternative. The process by which estimates of such 
consequences are made is here defined as analysis . 

Consequences of a decision are, in general, multidimensional. A deci- 
sion concerning transportation systems, for example, can affect .travel 
times, costs, land values, demography of the area, the physical environ- 
ment, health, etc. The set of these consequences are defined as the 
comparison criteria. Dimensions of the comparison criteria are mea- 
sured in physical or economic units such as kilometers (miles) per 
hour, number of passengers, dollars, etc. 

Analysis, therefore, requires knowledge of the physical, economic, 
social, aiid political relationships associated with transportation 
systems and the environments in which they are embedded. The con- 
sequences to be estimated are inherently in the future (where future 
is relative to the time of the decision) and are therefore uncertain. 

Evaluation 


The identification of the best alternative depends not only on esti- 
mated consequences but also on what the decision-maker considers 
important and desirable. When a choice is made, the decision-maker 
has rated the alternatives by applying a "alue system (or set of value 
systems) to the estimates of consequences. The selected alternative 
measures highest on some scale of relative worth that represents this 
value system. Evaluation is here defined as the transformation of 
the multidimensional uncertain estimates of consequences to a me as 'a^e 
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of relative Moi'ttu Evaluation requires knowledge of the value system(s) 
to be used in making the specified decision; quantl fication of the 
evaluation activity requires a quantitative model of the appropriate 
value system(s) - an evaluation model. 

Figure 2.1 illustrates how synthesis, analysis, evaluation and the 
decision are influenced by the available data base, science and tech- 
nology, and by the background and experience of the people Involved. 

In addition, the process represented has iterations and feedback loops, 
only one of which is shown, i.e., the use of the information obtained 
from synthesis, analysis, and evaluation to formulate additional {bet- 
ter) alternatives. 

Each of the decision-making requirements on the decision process of 
Figure 2.1 Implies not only that the physical, economic and social 
systems should be quantitatively modeled for analysis, but also that 
it is important for the appropriate value system itself to be modeled 
so as to meet the objectives of communication, consistency and compat- 
abill ty. 

Furthermore, the evaluation relationships and their required input data 
(estimates of the comparison criteria) define the outputs needed from 
analysis and how such outputs are to be processed. An explicit quanti- 
tative representation of the evaluation activity (the evaluation model), 
therefore, provides unambiguous guidelines for planning and managing the 
analysis activity. The evaluation model is, therefore, a critical ele- 
ment in the comparison methodology. 

Estimation of the significant effects of a candidate transportation 
system requires analysis not only of the system itself but also of its 
interrelated effects on other socio-economic and environmental systems. 
Mutually interactive effects of transportation with the physical envi- 
ronment (through, for example, noise and air pollution) and with the 
socio-economic environment (through, for example, land use, demography 
and urban development) must be dealt with explicitly and quantitatively. 
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The synthesis and analysis, as well as the evaluation of transportation 
modal systems, involve many variables besides the comparison criteria. 
Environmental, demographic, and demand factors are specified in a 
scenario defining the conditions in which the alternative transportation 
modes would be embedded. System descriptors are the result of the 
synthesis activity and are needed to identify a transportation modal 
system in sufficient detail to permit meaningful analysis. Analysis 
introduces intermediate computational variables for computing the out- 
put variables of the analysis framework, i.e., the comparison criteria. 
Evaluation identifies elements of value systems other than the com- 
parison criteria. Not only are these elements identified and defined, 
but they are also classified according to their roles in the decision 
process . 

Management has no choice as to whether the activities identified in 
Figure 2.1 will be performed in a given decision situation. One way 
or another, synthesis, analysis and evaluation will be performed, in 
that sequence, in order to generate the information on which the deci- 
sion is based. 

Management does, however, have options concerning: 

(!) the type of information to be explicitly generated 

(2) the models to be used for analysis and evaluation 

(3) the sources of needed data 

(4) the physical, financial and personnel resources to be assigned 
to synthesis, analysis and evaluation 

(5) the timing of the development of the synthesis, analysis and 
evaluation capabilities 

The decision-oriented problem-solving methodology of Figure 2.2 pre- 
sents a sequence of activities designed to provide maximum guidance 
for determining the five options above. 

In general, management recognizes that, in order to achieve its goals 
and objectives, decisions must be made and resources must be allocated 
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Figure 2.2 ~ The Decision- Oriented Problem Solving Process 

(The Decision Process) 
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to activities that provide information to support these decisions. It 
is assumed that an understanding of the pools and objectives motivat- 
ing those decisions is important not only for effective management of 


decision-related activities but also for effective 
parent technical tasks. Definition of the decision 
development of the evaluation model that identifies 
these goals and objectives are, therefore, initial 
decision process. 


performance of corn- 
situation and 
and interprets 
activities of the 


Since the inpu ts to evaluation are the outputs from analysis (Figures 
24 and 2.2), development of the evaluation model defines the output 
expected of the analysis activity. Pata items needed by evaluation and 
not supplied are deficiencies of synthesis and analysis; information 
items supplied and not needed for evaluation are superfluous , Both 
deficiencies and excesses of information are costly. To assure com- 
potability of analysis outputs with evaluation data requirements, the 
evaluation model should be developed prior to planning the analysis 
activity as indicated in Figure 2,2 


The models selected for analysis define, in turn, the analytical data 
requirements. Sources of such data include organisation records, 
libraries, government agencies, surveys and tests, technical societies, 
journals and the synthesis activity. The output of synthesis is 
defined, at least in part, by analysis; alternatives should be described 
in a manner that permits efficient analysis. The selection of analysis 
models should, therefore, precede synthesis. When a cost analysis is 
to he performed, for example, the drawings and descriptions of alter- 
natives should include information needed not only to produce each 
alternative but also to estimate its cost. 


The foregoing considerations dictate that the sequence in which models 
are developed is the reverse of the order in which they are applied. 
This principle is incorporated in the decision-oriented approach to 
problem-solving of Figure 2.2, Its application is discussed and illus- 
trated in Chapters 3, 4, and 
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Analysis and evaluation for decision-making do not fit the mol'd of a 
scientific research task. Uncertainties concerning priorities abound? 
useful data are limited; identification of key issues is frequently 
difficult; and topics important for the decision to be made cannot be 
ignored simply because they cannot be treated in a manner consistent 
with good research requirements or because pertinent hard » objective 
data are unavailable. It must be- emphasised that judgment and uncer- 
tainty cannot be eliminated from synthesis, analysis or evaluation of 
alternative intercity modal concepts nor from the decision concerning 
the inodes to be supported through Federal funding. 

The methodological framework recognises the foregoing decision-making 
facts of life; It incorporates provisions for focusing judgment on 
key decision elements, for displaying judgmental elements to permit 
review and discussion, and for assuring consistent application of 
judgmental elements in the evaluation of transportation alternatives. 

2.3 Lon g Range Plannin g Req uirements 

m i . i yi » **— i » ■ i » i'i mm — aH*aj»ni w wan w bp 

The alternatives to be evaluated and compared are necessarily long 
term when advanced or new technologies are included and when long lead 
times are needed to develop them into viable components of the total 
transportation system. However, since it is impossible to- predict 
what will occur over a very long term future, such as 50 years, it is 
useful to describe an aspiration for a future economy which will, in 
turn, provide a basis for establishing a corresponding asvimticn for 
future transportation needs. The physical realizability of achieving 
an aspiration level for passenger and freight traffic can be tested 
by examination of technical, economic and social constraints. With an 
aspiration defined, the kinds of developments which must take place to 
achieve the aspiration will determine the growth path of the system 
from the present to the hypothesized future. 

The concept of a phxtvving horizon serves to illustrate the nature of the 
long term future associated with transportation system development. The 
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concept has been drawn from an analogy of the physical horizon per- 
taining to the curvature of the earth* where the horUon represents 
the limit of visibility* As used in practice* the planning horizon 
often eounet.es the Vi wit of futurity beyond which no values are con- 
sidered* However* as 1u the ease of terrestrial navigation* planning 
for future decisions west extend beyond the horizon* The horizon then* 
In the planning sense* should be the limit of visibility for decisions 
needed to impl ement new transportation trends* because the loop terra 
Mure associated with transportation systems extends well beyond the 
planning horizon* it Vs recognised that current decisions must antici- 
pate the kinds of decisions which will be needed beyond the horizon. 

The value system described in Section 2.2 applies to current time. In 
order for the methodology to relate future values to the present per- 
ception of these values* the concept of discounting is used* This 
discounting procedure is applicable in principle to all measures of 
worthi-social * environmental * etc.* as well as economic— over the 
entire planning period* 


3. THE DECISION SITUATION 


3, 1 Pact sign and Decision-Makers 

The primary objective of the Phase I Study was "to develop a unified 
framework for the comparison of intercity passenger and freight trans- 
portation systems , u The Study was "to establish a consistent, uniform 
framework whereby any set of modal transportation systems may be evalu- 
ated in the context of a defined decision situation" (ECQNERGY proposal, 
19 ??). 


The methodological framework discussed In Chapter 2 is generally appli- 
cable for providing Information in support of a large class of decisions, 

i.e, s major decision milestones in a program or project. The general 
methodology has been adapted to the needs of a particular decision mile- 
stone (choice of alternative system concept) concerning a particular type 
of system (intercity transportation). The decision for which the meth- 
odology has been particularised involves: 

1. A long-range planning period - 50 years is considered appro- 
priate to include planning, design and development, construc- 
tion and operation of an intercity transportation system, 

2. A broad geographic region - a region comprised of an intercity 
corridor, urban centers, and a non-urban, non-corridor area. 

3. Consideration of significant social and economic (including 
demographic and environmental) effects. 

4. Identification of future needs, expressed not only in terms of 
travel demands but also in terms of housing, recreation, and 
other community quality objectives. A key element of the meth- 
odology is the specifying of aspiration levels for transpor- 
tation, for societal and for economic factors and using these 
aspirations as explicit guidelines for the transportation 
planning and design activities, 

5. Evaluation of a multi-mode transportation system as opposed to 
single-mode evaluation. The alternatives include most or all 
modes but with varied modal splits. 
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6. Identification of long- tens transportation investment and 
improvement priorities and implementation schedules that 
reflect those priorities* 

The decision that the companions methodology is designed to support is: 
The selection of the “best 11 intercity modal transportation concept 
for support by the Federal government, where support may be either 
through direct financial aid 01 * RM) finding of pi w&sing 

temmlGirtos. [The use of the comparison methodology for evaluat- 
ing R&D allocations was neither required by the RFP nor specified 
in the Proposal; the evaluation of R&D for intercity transportation 
is, however, naturally accommodated within the methodological frame- 
work (see Chapter 7 }.] 

To illustrate the application of the methodology, a particular inter- 
city region (Los Angel es-Sau Francisco) is selected, A case description 
for this region is discussed in Chapter 6. For purposes of this illus- 
trative example, it is assumed that NASA and DOT policy is to improve 
intercity transportation in the United States. In support of this 
policy, NASA and DOT wish to identify the most promising modal concepts 
t? be supported by R&D funding and to motivate appropriate decision- 
making at the state and local levels. [An actual assessment of inter- 
city transportation for the nation (Phase II of the Study). would 
involve the selection of various representative intercity regions and 
analysing and evaluating alternatives in each region.] 

3.2 Evaluation Framework 

The evaluation framework is designed for decision-makers in agencies 
of the Executive Branch of the Federal government. Policies and objec- 
tives specified by 0MB (1976) and DOT (QSTIS, 1977) are the primary 
guidelines used to identify the comparison criteria appropriate for the 
evaluation of alternative intercity modal concepts. 

In compliance with the purposes and constraints of the Phase I Study, 
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cne evaluation framework and its use are illustrated by a numerical 
example (Chapter 4}. 

3. 3 The Analysis Framework 

The time and budget of the Phase I Study precluded utilizing available 
mathematical models or structured judmental techniques for estimating 
outcomes associated with alternative intercity transportation systems. 
The analysis framework is described, however, and illustrative outputs 
are presented for the selected numerical example (Chapter 5). 
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4. THE EVALUATION FRAMEWORK 


Management requirements for decision-oriented evaluation (Section 2.1) 
imply not only that physical and socio-economic systems be modeled for 
analysis (the estimation of outcomes) but also that the appropriate 
value system be modeled for purposes of communication, consistency, 
and compatibility. Furthermore, having a model of the value system 
to be used in evaluating alternatives explicitly defines the outputs 
required of analysis and, hence, guides the identification of models 
to provide such outputs. As a consequence, the ECONERGY Phase I 
effort was focused on modeling the appropriate value system for the 
evaluation of alternative intercity transportation medal concepts. 

The evaluation model should: 

• identify and define the decision 3vitevia t the “specific, 
quantifiable variables. . .suitable for comparison of alternative 
intercity passenger- freight transportation systems." (NASA- 
Ames RFP, June, 1977). 

• Display how the decision criteria are derived from and relate 
to "those general and conceptual measures of transportation 
and service which will appropriately portray the overall 
economic and technical characteristics of any transportation 
system." (NASA-Ames RFP, June, 1977). 

• Present quantitative weighting relationships to be used in 
transforming estimates of consequences, measured in physical 
or economic units, into relative worth. 

• Combine weighting relationships of the individual criteria 
into an objective function for computing the relative worth 
of each transportation alternative. The objective function 
will provide the "uniform means of. . .comparing the attributes 
of the different modal 'systems." {NASA-Ames RFP, June, 1977). 

4. 1 The Hierarchy of Values 

Available theory does not provide explicit guidance for selection of an 
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appropriate set of decision criteria. There is no generally accepted, 
objective, automatically applicable procedure for identifying a set 
of criteria which contain all significant criteria that are relevant 
to the decision to be made. The formulation of the set of criteria 
is primarily judgmental. (In terms of the ECONERGY comparison metho- 
dology, the term “comparison criteria" is used in place of the term 
"decision criteria' 1 .) 

The technique that has become established as the most useful approach 
to guiding judment in identification of a set of criteria is the 
hievapahy of values or relevance tree (Fischer, 1970; Keeney and 
Raiffa, 1976; Lifson, 1972). The usefulness of this technique derives 
from the observation that goals and objectives can be analyzed to 
define general factors influencing their achievement. These factors 
can be similarly analyzed to yield subfactors. The process is con- 
tinued until an appropriate set of comparison criteria is identified. 
The hierarchy developed for the evaluation of alternative intercity 
modal transportation systems is presented in Figure 4.1. Its devel- 
opment isdiscussed below. 

ECONERGY has assumed that the evaluation of intercity transportation 
modal systems for decision-makers in the Federal government should be 
responsive to and compatible with policies and objectives of the U.S. 
Department of Transportation. The starting point for the hierarchy of 
values is, therefore. Department of Transportation policy and RD&D 
management objectives (Office of the Secretary of Transportation Sys- 
tems, 1977, Section V). Three major classes of effects are -dentified 

• Transportation 

• Economic 

» Societal 

In addition, DOT policy and RD&D management objectives are specified 
(Figure 4.2). These were reviewed to identify the objectives that 
would be appropriate for evaluating intercity transportation alterna- 
ti ves . 
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Figure 4.1b - Hierarchy of Values (Transportation Effects) 
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figure 4.1c - Hierarchy of Values (Societal Effects) 




















Figure 4. Id - Hierarchy of Values (Economic Effects) 
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1 . 


Modernize regulations /legislation and improve eaonomia pol- 
icies . The only member of this set of objectives that is 
pertinent to the evaluation of intercity transportation modes 
is Item 1.4, Recover Costs from Beneficiaries. The impli- 
cation is that the amount of subsidy for each alternative 
should be a comparison criterion. 

2. Increase efficiency and service. Most members of this set 
of objectives deal with either the management of operating 
systems, financial assistance to transportation , or inter- 
modal cooperation and, hence, are not elements of a hierarchy 
developed for the evaluation of intercity modal alternatives. 
This set does, however, specify that: 

• Operating and acquisition costs should be minimized 

• Transportation service should be improved for the 
disadvantaged 

These factors are incorporated into the ECONEr' 7 hierarchy 
of values. 

3. Improve safety and security. The intent of this set of objec- 
tives is incorporated into the Hierarchy by including the 
effects of accidents and criminal actions on people (measured 
by health status) and on property (measured by property damage 
in dol lars ) . 

4. Lessen unfavorable environmental effects. The intent of this 
set of objectives is incorporated into the hierarchy through 
elements measuring the effects of atmospheric, water and 
ground pollution through measures of: 

• Noise level 

• Visibility 

• Heal th status 

• Impact on flora and fauna. 

In addition, this set specifies that dislocation of homes and 
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business, population shifts and land use are significant con- 
sequences of transportation alternatives. These, as well as 
provisions for other elements appropriate for consideration 
in the Environmental Impact Statement of a particular decision 
situation, are included in the hierarchy. 

5. Minimize adverse impact of energy constraints. The hierarchy 
provides for a set of comparison criteria that would permit 
the evaluation of intercity transportation alternatives with 
respect to the consumption of scarce resources (materials 

and energy). As conditions change and priorities shift, the 
hierarchy can be adapted to the needs of each decision situ- 
ation. 

6. Increase knowledge base. This set of objectives does not 
provide criteria for the evaluation of transportation alter- 
natives. The methodological framework presented in this 
report does, however, contribute significantly to the achieve- 
ment of these objectives by: 

• Providing a management decision-oriented problem- 
solving framework adapted to major decisions concerned 
with transportation system alternatives 

• Developing an explicit, quantitative evaluation model 
based on agency policies and objectives 

• Identifying the strengths and weaknesses in available 
data bases and analysis modeling capabilities 

The guidance provided by DOT policy and RD&D management objectives was 
augmented by review of available transportation studies which are 
included in the References. 

Figure 4.1 represents a hierarchy adaptable to the class of decisions 
defined in Chapter 3. For a particular decision situation, some branches 
may require additional partitioning and some may need to be pruned. For 
example, under Intercity Transportation Effectiveness (1.1), various 


- 28 - 



categories of passengers are shown in order to reflect DOT interest in 
transportation "for the poor, handicapped and elderly" (OSTIS, 1977, 
p. V-7). Some or all of these categories may not be pertinent to the 
evaluation of some Intercity transportation links. 

Similarly, categories of freight appropriate for some situations may 
be different from those depicted; or overall quantity of freight car- 
ried, rather than the quantitites of specified categories, may be the 
criterion. On the other hand, because of the profusion of potential 
environmental criteria, only the general classes. Flora 2.2.5, Fauna 
2.2.6, and Other 2.2.7 are shown in Figure 9.1. These general classes 
would be partitioned to identify environmental criteria pertinent to 
specific decision situations. 

The adaptation of Figure 4.1 to the illustrative numerical example 
(Figure 4.3) is sufficiently detailed to exercise all major segments 
of the more general hierarchy of Figure 4.1. Elements of the hierarchy 
are discussed below. 


The transportation impacts of an example alternative case are measured 
under Trans v<'r tat ism Effects (1) by three categories of criteria: Inter- 

city Irtznspcrtation Effectiveness (1.1), Costs (1.2), and Urban Facili- 
ties i 1.3). Effectiveness in achieving the primary mission of a trans- 
portation system -- transportation of people and goods -- is measured 
by two comparison criteria: ssencers (1.1.1) and Freight ,1.1.2'. 

Both Passengers and Freight, in this illustrative example, are defined 
to include people and goods, respectively, carried by the intercity 
system. In those decision situations where it is deemed appropriate to 
evaluate alternatives with respect to ridership of "the poor, handi- 
capped and elderly" or with respect to various classes of freight to be 
carried. Passengers or Freight may.be partitioned as indicated in Fig- 
ure 4.1. 


The flow of funds 
measured under Jcs 


into or out of the intercity transportation system is 
rs (1.2) by three criteria: Investn&it (1.2.1), Ever- 
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ating Costa (1.2. 2)* and Operating Sui'plus/ Subsidy (1.2.3). Investment 
and Operating Costs are the estimated necessary flows of dollars into 
the transportation system. Operating Surplus depends on fare structure 
and ridership and may be either an additional dollar flow into the trans- 
portation system. Subsidy, or a return from the system, through Operating 
Surplus, of some or all of the Investment and Operating Costs. 

The urban interface between the intercity transportation system and other 
transportation systems is represented by Urban Facilities (1.3). Both 
under-utilization of and excessive demands on urban facilities are repre- 
sented by Airports (1.5.1)* Railroad Stations (1.3.2)* Bus Stations 
(1.3.3) and Roaduays (13.4). 

Societal Effects (2) are measured by effects on Human Resources (2.1) 
and on Physical Resources (2.2). Human Resources (2.1) is measured by 
the distribution of people. Demography (2.1.1)* and by their Health 
Status (2.1.2). Demography could be partitioned into population densi- 
ties of various geographical areas within the defined region and house- 
holds displaced (Figure 4.1). For purposes of the illustrative example, 
however, Demography is represented by a population density criterion 
that measures population shifts into or out of the urban centers. The 
health impacts of environmental pollution, accidents, and criminal acts 
could be evaluated separately as indicated on Figure 4.1. Also, various 
health indices are available for measuring health status (e.g., Berg, 
1973; Fanshel and Bush, 1970). For the illustrative example, however, 
the health effects of environmental pollution, accidents, and criminal 
acts are all included under Health Status (2.1.2), and impact on health 
status per se is measured by "injuries", which includes all degradation 
of health, including death. 


Impacts on Physical Resources (2.2) could be measured by a larger number 
of criteria, depending on the location of the intercity system and the 
concerns of the decision-makers. The entire gamut of factors to be con- 
sidered in Environmental Impact Statements is properly included in this 
segment of the hierarchy. For purposes of the illustrative example, the 
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effects on Physical 

Property Damage (2. 


Resources are represented by Lava Use < 
2.2). Seise Levels (2.2.3), and Visibi li 


3 


^ J I 


It is to be emphasized that environmental impact is measured through 
mission effectiveness criteria (Section 2.1 ) such as perceived noise 
level and visibility rather than performance criteria such as operating 
noise levels and emission levels. These effectiveness criteria are 
environmental attributes and include contributions from non-transpor- 
tation sources of, for instance, noise and pollution. The :\'i'?ei"nanoe 
criteria with respect to noise and air pollution emissions would be the 
characteristics for use as design requirements during engineering devel- 
opment of the transportation hardware. 


Impacts on the regional econony are included under Economic Effects i5 ] . 
In this category, effects on people, on physical resources, and on the 
economic system are represented by Human Eescia'ccs Materials and 

Energy (5.2), and Business and ,'orsnevoe (5.5), respectively. The effect 
on Human Resources is measured by &np leynent (5.1.1 ] . Physical Resources 
is represented by Fossil Fuels (5.2.1) to reflect current priorities. 
Business and Commerce is measured by two comparison criteria: Jivss 

Re<.riofial Product (3.5.2) and Interregional Product (3.5.2). 


A decision to support a particular intercity modal concept could have 
profound effects on various socio-economic institutions (such as the 
petroleum industry, the automobile industry, the health care system, 
etc.). Incorporation of such effects in either the Phase I or the Phase 
II effort is beyond the scope of the present project. The category, 
Socio-Economic Institutions (2.3), does not, therefore, appear in either 
Figure 4,1 or Figure 4.3. 


4.2 The Comparison Criteria 

The comparison criteria identified by means of the hierarchy of Figure 

4.3 for the illustrative example are listed in Table 4.1. For each of 
these criteria, a normalized percentage measure is defined: 
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1* 

Transportation Effects 

2. 

Societal Effects 

3. 

Economic Effects 

1.1.1 

Passengers 

2.1.1 

Demography 

3.1.1 

Employment 

1.1.2 

Frei ght 

2.1.2 

Health Status 

3.2.1 

Fossil Fuels 

1.2.1 

Investment 

2.2.1 

Land Use 

3.3.1 

Gross Regional 
Product 

1.2.2 

Operating Costs 

2.2.2 

Property Damage 

3.3.2 

Interregional 

Product 

1.2.3 

Operating Surplus/ 
Subsidy 

2.2.3 

Noise Levels 



1.3.1 

Ai rports 

2.2.4 

Visibility 



1.3.2 

Railroad Stations 


1 



1.3.3 

Bus Stations 





1.3.4 

Roadways 






Table 4.1 - Comparison Criteria (Illustrative Example) 





(4-n 


Y 

where Y^ 



D 


the quantity (amount* level) of the 
criterion (measured in usual physical 
or economic units) estimated for a 
given alternative 


Y 


D 


a 


a selected quantity (amount, level} of 
the criterion, measured in the same units 


Y = comparison criterion, 1- 


For all nineteen criteria, the normalizing relationship and its numerator 
and denominator are defined in Appendix A. 


The set of criteria defined for the evaluation of intercity transpor- 
tation modal concepts is mission oriented; achieving desired levels of 
the criteria ;u the mission of the intercity transportation system. 

The best intercity transportation alternative for the specified decision 
situation is the alternative with the best combination of consequences 
as measured by tradeoffs among these nineteen criteria --where "best" is 
defined by the objective function. 


The criteria are measured in the environments in which the intercity 
transportation system is embedded and, hence, are applicable to any 
modal concept. Furthermore, the set of criteria: 

• Provides, together with the case description, an unambiguous 
description of the mission of the intercity transportation 
system 

• Identifies the attributes by which advantages and deficiencies 
of various alternative concepts are measured and made visible 

Since these functions should be compatible with the value system^ ' to 
be used in decision making, concurrence of agency management in the set 
of criteria is a key event in the application of the methodology. 
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The denominators used in the comparison criteria (Equation 4-1) are 
related to long-term aspiration levels. The aspiration levels provide 
a mechanism for comparing intercity transportation systems not only with 
each other, but also with reasonable long-term societal goals. 

For the illustrative example, denominators were estimated for each of 
the nineteen criteria over the 50-year planning period (Table 4.2). To 
illustrate the use of aspirational levels, the rationale for determining 
the denominators of Passengers (Y^ ^ and Freight (Y^ j 2 ) * s P re " 
sented. These denominators represent the societal aspirations for these 
variables; if this level is achieved, the relative worth associated 
with the value is neutral (zero). 

The aspirations for Passengers and Freight are estimated from two national 
macroeconomic variables that can be reliably forecast for long time periods 
Gross National Product (GNP) and population. The reason for this reli- 
ability is the tremendous long-term inertia which is reflected in 
relatively constant growth rates. It is possible to utilize this 
characteristic of the national economy and population to make reliable 
predictions of national transportation variables. 

Historically, for example, the ratio of national intercity passenger- 
kilometers to GNP has held remarkably constant (see Table D.2.1). This 
fact can be used to relate the Gross Regional Product (GRP) to regional 
intercity passenger demand based on the assumption that a region's 
socio-economic profile is a representative sample of the nation as a 
whole. To the extent that it is recognized that a particular region 
is not representative, regional intercity passenger demand can be 
adjusted. 

For the Los Angel es? San Francisco link, the following equation was used 
to calculate intercity passenger demand based on the above considerations, 

Y D 1 1 1 = GRp ) x 1,707 x 0v0521 
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YD 

1 . 1.1 


1980 

1990 

2000 

2010 

2020 

2030 

PASSENGERS 

12,80 

17,90 

25.10 

35.0 0 

49. 00 

68.30 

1.1.2 

FREIGHT 

33.4 0 

44 . 30 

56 . 70 

77.80 

108.00 

136.70 

1.2.1 

INVESTMENT 

4 . 80 

6.80 

9.50 

13.20 

18.50 

25,80 

1.2,2 

OPERATING COSTS 

,80 

1.10 

1,50 

2.10 

2.90 

4.10 

1.2,3 

SURPLUS/SUBIDY 

.60 

.80 

1,10 

1.60 

1,60 

n on 

1.3.1 

URBAN FACILITY-AIR 

51.00 

59,0 0 

69.0 0 

80 ,00 

93.00 

108,00 

1.3.2 

URBAN FACILITY-RR 

1 . 00 

1 ,00 

1 . 00 

1 .00 

1 . 00 

1.00 

1,3.3 

URBAN FACILITY-BUS 

1 , 00 

1 .00 

1 . 00 

1.00 

1 . 00 

1.00 

1 .3.4 

URBAN FAC. -ROAD 

2290 .00 

3206.00 

4494.00 

6269,00 

8759 . 00 

12223 . 00 

2.1.1 

CORRIDOR DEMOG 

160 . 00 

160 .00 

156 . 00 

153,00 

150 . 00 

145.00 

2.1.2 

HEALTH STATUS 

454 . 00 

432,00 

41(1 . 0 0 

390 . 0 0 

371 . 0 0 

357.0 O 

2.2.1 

COR RID LAND USE 

1.50 

2.00 

3 . 00 

3.50 

4.00 

4.50 

2.2,2 

PROPERTY DAMAGE 

227 , 00 

216.00 

205,00 

195,00 

186.00 

177 .00 

2.2.3 

NOISE LEVELS 

88.80 

101.60 

112,60 

123,70 

136.00 

146,20 

2 . 2 . 4 

VISIBILITY 

16.0 0 

14.60 

13.30 

12.10 

11 . 00 

10.00 

3,1.1 

EMPLOYMENT 

12.20 

13.90 

15.40 

16.90 

18.60 

20 .00 

3.2.1 

FOSSIL FUELS 

38.50 

51 .40 

68.40 

90.70 

31,60 

11 . 0 0 

3 .3.1 

(3 ROSS REG PROD 

145.00 

203.00 

284 . 0 0 

396.00 

553 , 0 0 

773,0 0 

3.3.2 

INTERRED PROD 

93,00 

130 .00 

179.00 

246 . 0 0 

338.00 

467,00 


Table 4.2 -CASE RESULTS : DENOMINATOR 



In the above equation, $GRP is the projected Gross Regional Product in 
constant 1972 dollars. Values for this variable are obtained by scal- 
ing GNP by the ratio of regional to national population (10%). The 
value 1.707 is the historic ratio of national intercity passenger-kilo- 
meters per dollar of GNP. Since scaling national data by regional pop- 
ulation results in total regional intercity passenger-kilometers, both 
interregional and intraregional passenger-kilometers are included. The 
value 0.0521 results from the Star Study (Chesler and Goeller, 1973) 
and represents the proportion of the total passenger-kilometers which 
remain in the region, i.e,, the intraregional passenger-kilometers. 

Similiar arguments apply for the calculation of intraregional freight 
demand. For the Los Angeles-San Francisco link, the following equation 
was used to calculate freight demand projections: 

Y 0 1 1 2 ” t$GRPj x TK / GNP x °’ 075 

TK/GNP is tonne-kilometers per dollar of GNP. This variable reflects 
an assumed decline from 24% to 18% of agriculture and manufacturing as 
a percentage of GNP. The values for TK/GNP are shown below. 

1980 1990 2000 2010 2020 2030 

2.537 2.409 2.286 2.170 1.060 1.955 

The estimated value of 0.075 represents the proportion of freight that 
not only originates in the region but also stays within the region, 

4.3 Relative Worth Functions 


The analysis activity provides estimates of the criteria in physical 
or economic units such as passengers, tons, dollars, hectares, etc. It 
is necessary to transform these estimates into a common measure of rela- 
tive worth for two basic reasons: 

• For each alternative transportation modal concept, the effects 
of various criteria must be combined to obtain an overall 
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measure of relative degree of achievement of goals and object- 
ives* 

• Degree of achievement of a particular objective is, in general, 
not linearly related to various amounts of a particular cri- 
terion; the nonlinearities result from factors underlying cur- 
rent priorities and attitudes towards risk. 

For each criterion, therefore, a quantitative relationship is defined 
to represent the relative contribution of various amounts of the cri- 
terion to achievement of intercity transportation goals and objectives. 
The development of these relative worth functions follows the approach 
presented in Lifson (1972). This approach: 

1. Assures that the relative worth measures of all the criteria 
are the same units (i.e,, the ordinates of all relative worth 
functions are scaled the same). 

2. Provides a scaling such that a positive relative worth indi- 
cates a satisfactory alternative and a negative relative worth 
indicates an unsatisfactory alternative. 

3. Provides relative worth functions such that positive worth is 
bounded by a maximum permissible score on each criterion, and 
extremely undesirable results with respect to one criterion 
can assure a large negative total relative worth, (This pro- 
vision effectively screens out those modal concepts that should 
be deleted from consideration because they result in unaccept- 
able consequences with respect to one or two key criteria.) 

The following procedure is followed in developing each relative worth 
function: 

Step 1. Specify Range of Interest . For each criterion, lower 
and upper limits of the range of interest are specified 
(points and Y^, respectively, of Figure 4.4), These limits 
are based on an understanding of the particular case descrip- 
tion under consideration. The range of interest is broad 
enough to include all anticipated consequences for any of 
the modal alternatives. To permit evaluation of achievement 
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and nonachievement of transportation objectives, the range 
of Interest Is broad enough to include all anticipated 
consequences for any of the modal alternatives. To per- 
mit evaluation of achievement and nonachievement of trans- 
portation objectives, the range of interest includes both 
desirable and undesirable magnitudes of each criterion. 


If, for example, a preference function for 1.1.1, 
Passengers (Figure 4.3), is to be developed, and lower and 
upper limits of, say, 20,000,000 passenger-kilometers and 
100,000,000 passenger-kilometers are specified for Y^ and 
Yjj, respectively, then it may be inferred that 20,000,000 
passenger- kilometers is poor ridership, that 100,000,000 
passenger-kilometers is excellent ridership and that the 
ridership objective for the system lies between Y^ and Yy. 

Step 2. Identify Threshold. Since the range of interest speci- 
fied in Step 1 includes both desirable and undesirable 
quantities of a criterion, it must also include a neutral 
contribution to success or failure. This neutral point, 
or thresholds is indicated by Y^ on Figure 4.4. 


The importance of specifying the threshold of each cri- 
terion lies in the fact that all thresholds) regardless 


of criterion, represent the same relative worth — neutral 
desirability or neutral contribution to success or failure 

— and may, therefore, be assigned the same relative worth 
number. A relative worth of zero is assigned to each Y^. 
{point A on Figure 4.4) so that positive relative worth 
represents a desirable outcome, i.e,, an outcome con- 
tributing to achievement of objectives. Negative relative 
worth represents an undesirable outcome, i.e., an outcome 
contributing to non- achievement of objectives. 


Step 3. Define Relative Worth Functions. The evaluation method- 
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ology utilizes a cardinal scale {Stevens, 1959; Torgerson, 
195B) for measuring relative worth {see, for example, 
Fishburn, 1964). Defining a cardinal scale of measure- 
ment requires arbitrarily anchoring ttx' and anty tuv 
points on the scale to designated phenomena or quantities. 
In temperature measurement, for example, the cardinal 
fahrenheit and Celsius scales are arbitrarily anchored 
to the freezing and boiling points of water. 

For each criterion, therefore, two relative worth 
points are arbitrarily designated. One of these points 
is defined in Step 2. The relative worth of the thresh- 
old Yy is set equal to zero: 

u(Y r ) * 0 {4-2) 

where u(Y^) = relative worth of Yj 


The second point is defined by setting the mpost pre- 
ferred magnitude of each criterion equal to 1: {Point B 

on Figure 4,4): 

u(V M ) - 1 {4-3) 

where Y^ most preferred magnitude of the criterion Y 

u(Y^) * relative worth of Y^ 

Y m may occur anywhere within the range of interest, that 
is, 


y l < 


M ~ U 


(4-4) 


For those criteria where more is better (e.g, , 
freight, employment) * 


passengers , 


Y a 

'M 


'U 


(4-5) 


For those criteria where less is better {e.g., 
people injured, noise levels). 


costs , 


Y 


M 


(4-6) 
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For those criteria where too much or too little of the 
criteria is possible (e.g., use of urban facilities, 
population density), 

VV Y U 

In this latter case, two thresholds must be identified: 
one and one . 

With the relative worth scale defined by equations (4-2) 
and (4-3), the relationship between relative worth and var- 
ious amounts of the criterion, i.e., the vtilxxtii'o ix'iKh 
funsticn, is structured. Any of a number of techniques 
may be used to elicit the judgmental data needed to iden- 
tify the relative worth function: 

• Certainty equivalent method (e.g,, Fishburn, 1964; 

Raiffa, 1968; Li f son, 1972) 

• Magnitude estimation (e.g., Stevens, 1959) 

• Graphic methods 

Whatever the technique, knowledgeable personnel who are 
willing to respond to questions concerning tradeoffs of 
various amounts of a criterion are key to defining a 
relative worth function. Knowledge and understanding 
of intercity transportation policies and objectives are 
necessary to assure that the relative worth functions 
comprise an appropriate model of the value system to 
be used in a particular decision situation. 

The output of the foregoing three steps is a set of relative worth func- 
tions with a common definition for the relative worth * Q. Each function 
is presumed to be internally consistent, that is, the relative worth of 
various amounts of a given criterion is reasonably represented by the 
relative worth function. 

For each of the nineteen criteria (Table 4.1 and Appendix A): 
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• the upper and lower limits of the range of interest, 

Y l and Yy, were specified 

• the threshold, Yj, was identified 

• relative worth functions were defined with 
U(Y T ) = 0 and U{Y m ) - 1 

The resulting relative worth functions are presented in Appendix B. For 
each criterion, the nonlinearity of the relationship between the quantity 
of the criterion and the relative worth was recognized and this non- 
linearity was modeled by the exponential relative worth relationship (e.g., 
Raiffa, 1968): 

u(Y) = Ae BY + C (4-8) 

where Y - measure of comparison criterion 

e = base of the natural logarithms 
u(Y) * relative worth of Y 
A,B,C - parameters of the relative worth function 

When the relative worth relationship of criteria could not be modeled 
by a single exponential relationship, two sets of parameters were defined 
for equation (4-8), with each set applicable over an appropriate range 
of the variable Y. Sensitivity analysis of particular relative worth 
functions is demonstrated in Chapter 9. 

4.4 Relative Weights 

The relative worth functions are scaled so that, for all criteria, a 
relative worth of zero means neutral contribution to achievement of 
objectives. One point in common, however, is not sufficient to assure 
a common scaling for all relative worths. A second point in common, 
a second relationship between criteria, is needed. 

The second relationship is obtained by considering Y^, the most pre- 
ferred magnitude of a criterion Y. In Step 3 of Section 4.3, a rela- 
tive worth = I is assigned without regard for the relative worth of 
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Y m In relation to other criteria. The relative worth s 1 may, there- 
fore, mean different contributions to success for the various criteria. 

The judgment of knowledgeable personnel is again needed to assign numbers 
to the set of such that the number assigned to each Y^ represents 
its relative contribution to achievement of intercity transportation 
objectives. The numbers so assigned are jv.\:r::v 

The purpose of the relative weights is to provide the second relation- 
ship needed to assure a common scaling for relative worths of all cri- 
teria. Transforming relative worths obtained from the relative worth 
functions to a common scale of relative worth is accomplished by multi- 
plying by the appropriate relative weight (tifson, 1972). 

U <V ■ w o U( V 

where Y. a a criterion, 

vl 

ti(Y.) * relative worth of Y. obtained from 
the relu cl ve worth function, 

W. ” relative weight assigned to 

(Y^)j * most desired magnitude of Yj. 

U(Y.) - relative worth Y. measured on the 

vl J 

common relative worth scale. 

The relative weights assigned to the criteria, as well as to other ele- 
ments of the hierarchy, are shown in Figure 4.5 for the illustrative 
example. With these weights, a perfect intercity transportation system 
— one that results in Y, ( for all criteria over the entire 50-year 
planning period -- would receive a relative worth score of 100. 

Obviously, no actual system is perfect; tradeoffs among the criteria 
and imperfections in real systems result in scores less than 100. The 
relative worths obtained for a given alternative are placed in per- 
spective, however, by considering that 100 is a maximum, the score for 
perfection, and zero is the score for neutral achievement of policies 
and objectives. Of course, it is possible for some candidate alternatives 
to result in a negative score which implies that, considering all trade- 



























offs, policies and objectives have not been met. 


The assignment of the relative weights is judgmental. Knowledgeable 
personnel, preferably including the decision-makers, are asked to allo- 
cate the 100 points at each level of the hierarchy. The allocated weights 
are reviewed and various combinations are compared to assure that they 
'‘make sense". Differences of opinion can be dealt with either by combining 
into averages or by investigating the sensitivity of the results to the 
differences (see, for example. Section 9.2). 

4.5 Discount Functions 

To obtain a relative worth for each intercity transportation alterna- 
tive, a 50-year projection must be transformed into an equivalent 
relative worth representing the entire 50-year stream. The transforma- 
tion should be such that the number that represents each 50-year stream 
also represents relative contribution to achievement of transportation 
objectives. 

A standard approach for assessing alternative future flows is to con- 
vert each flow into an equivalent present worth 3 where equivalent weans 
equally desired (see, for example, Fabrvcky and Thuesen, 1974; Weston 
and Brigham, 1975). The discount function universally used for this 
purpose is the relationship used in financial contracting to define 
the payments owed a lender by a borrower: 

P X (l+r) _t (4-10) 

t=0 * 

Where P = present worth, a quantity of money at time t = 0 
= quantity of money at time t 

N = number of years in the planning period 
r = annual discount rate 

Although other forms of discount functions need to be researched as 
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improved models for decision-making (English, 1976, 1978; Lifson, 1976), 
(See Appendix D )* equation (4-10) is suitable for initial applications 
of the evaluation methodology. For computational convenience, the 
continuous compounding form of equation (4-10) is used to convert the 
stream of relative worths to an equivalent present worth: 

N -rt 

Pj = #&j(t)-e dt (4-11) 

o 

Where e * base of the natural logarithms 
— rt 

e = discount function 

U.(t) = relative worth of the jth element of the hierarchy 

J 

at time t 

Pj ‘ equivalent present relative worth of the time flow 
of U.(t) 

In response to the needs of the decision situation, the methodology, 
through equation (4-11), incorporates the following three improvements 
over standard discounting practice: 

1. A non-standard discount function may be used. Discounting 
transforms prospective relative worths for the various criteria, 
as values over time, to equivalent relative worths in the pres- 
ent; it accounts for relative worth of the time dimension. 

2. Provision is made to discount different value elements differ- 
ently. Agency transportation policies and objectives may require, 
for example, that lives saved or numbers of people employed in 
the year 2000 be discounted to the present differently from the 
way in which Investment or operating costs are discounted. 

3. The discount function is applied to the time flow of relative 
worth rather than to the time flow of dollars 3 or passengers 3 
or freight^ etc . In conventional economic evaluation of 
investment alternatives, projected alternative time flows of 
dollars (criterion variable) are converted to equivalent 
present worth of that present value. The problem with this 
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conventional approach is that cash flows representing financial 
disaster in some future year may be masked by the present worth 
conversion. If the time flow of dollars is converted to rela- 
tive worth representing the f'vrvi^r of the flow of dollars in 
each year, then the present worth computation can more accurately 
measure relative contribution of flow over time to achievement 
of objectives. 

The foregoing use of the discount function is consistent with the con- 
cept of the discount function as a tool for adjusting the relative worth 
of consequences separated in time, for evaluating the effects of the 
timing of alternative consequences on achievement of objectives. 

Elements of the hierarchy were selected to illustrate the use of dis- 
count functions in the methodology. These elements were chosen in order 
to permit different discounting of future transportation effectiveness, 

dollar flows, societal effects, and economic effects. The conventional 

- rt 

discount function, e , was used. Each hierarchical element was assigned 
a discount rate r: 


Element of the Hierarch^ 


1.1 

Intercity Transportation 

3" 

1.2 

Costs 

10T* 

1.3 

Urban Facilities 

m 


Societal Effects 

0% 

3 

Economic Effects 

10", 


Dollar costs and economic effects are assumed discounted at an annual 
rate of 10'S. Future transportation effectiveness and societal qualities 
are assumed to degrade less rapidly with time than with future dollars; 
their discount rates are, therefore, significantly less than 10". Sensi- 
tivity of relative worth to discount rates is illustrated in Section 9.3 


I 
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4.6 Total Effect: The Objective Function 


A mathematical expression, or set of expressions, an objective function , 
is needed in order to assure a consistent aggregation of relative worths 
into an overall relative score for each alternative intercity trans- 
portation concept. 

The hierarchy of values (Figure 4.1) is the overall guide for aggrega- 
ting relative worths. For each set of related comparison criteria, the 
time flows of relative worths are summed to obtain a time flow of the 
relative worth score for their higher level value factor. These are 
summed, in turn, until time flows of relative worth are obtained for 
those elements of the hierarchy that are to be converted into equivalent 
present norths through application of the appropriate discount functions. 
The present worths are then summed "up the hierarchy" to obtain a rela- 
tive score for the total effect of each alternative. The advantage of 
this approach is that alternatives may be compared at any level of the 
hierarchy; strengths and weaknesses of the alternatives may be made 
visible at the level of the comparison criteria or at any level of 
aggregation. 

The simple summation of relative worths assumes valuewise independence 
of the comparison criteria, i.e., the relative worth function of a com- 
parison criterion does not depend on the levels or quantities of the 
other criteria. In fact, conventional economic evaluation of alterna- 
tive investments -- whether present worth, equivalent annual worth, or 
rate of return technique is used — assumes valuewise independence with 
respect to time. This assumption is necessary for the evaluation meth- 
odology to be manageable (see, for example, Fishburn, 1964). Valuewise 
independence is also a good assumption, capturing most of the total 
effect even in situations where high valuewise dependency is intuitively 
present or deliberately structured. Care must be exercised, however, to 
assure that flagrant violations of valuewise independence do not occur 
in structuring the hierarchy. (It is to be emphasized that no assumption 
is made concerning independence in the physical or socio-economic world. 
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Changing an attribute of a transportation system can effect changes in 
any or all of the comparison criteria. The criteria may be highly inter- 
related in transportation, societal and economic systems. It is only 
in the value world, in relative contribution to achievement of success, 
that independence is assumed.) 

The details of aggregating the relative worths of the comparison criteria 
into a measure of the total relative effect of an intercity transportation 
alternative depend on the needs of a particular decision situation: 

• The way the hierarchy of values is partitioned to identify 
comparison criteria should be responsive to current trans- 
portation policies and objectives. 

• The choice of hierarchy elements to be discounted should be 
dictated by the needs of the particular decision situation. 

For the illustrative example, there are nineteen 50-year time 
flows to be evaluated. These time flows are converted to 
relative worth flows by means of the relative worth functions 
of Appendix B and the relative weights of Figure 4.5: 

u( Vt ■ w j u 'Vt (4 - 12) 

where U(Y.) = weighted relative worth 

J ^ 

of Yj at time t 

VI. = relative weiqht assigned Y. 

J J 

Y. = a comparison criterion 

J 

j = element of hierarchy of Figure 4.3 


A time flow of relative worth is computed for each element to be dis- 
counted: 


< U 1.1 

( U 1.2 

< U 1.3 


) t = U(Y 

3 

> t -£ 
z i = l 

4 

) t =E 
r 1*1 


l.l.l^t + U(Y 1.1.2*t (4-13) 
U(Y l,l.i't (4-14) 

U(Y 1.3.i>t (4 ' 15 > 
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(4-16) 


<Vt ' £ U < Wt + £ U(Y 2.2.i>t 

< U 3>t ■ U ' V 3.1.1>t + U < Y 3.2.I>t * £ U < V 3.3.1>t < 4 ' 17 > 

The time flows represented by equations 4-13 through 4-17 are discounted 
to obtain an equivalent set of present relative worths: 

2030 

p i.i * nr / (u i.i>t e “ 03tdt < 4 - 18 > 


2030 


P 1.2 ' 50 f * U 1.2*t e 


-.10t 


P 1.3 * 50 f (U 1.3^t e ’ 


-.10t 


(4-19) 


(4-20) 


P 2 = So f 


(4-21) 


2030 


P 3 = 50 f ^ U 3^t e 


1980 


(4-22) 


To complete the computation of total relative worth of an intercity 
transportation alternative, the relative present worths are aggregated: 


p i * £ p x 1 

1 i-l 1,1 


(4-23) 


P ■ t P,- 


(4-24) 


The objective function, the set of equations for computing a relative 
score for each intercity transportation alternative, is comprised of 
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equations (4-12) through (4-24), together with the conversion relation- 
ships of equation (4-1) and Appendix A. The computations using the 
objective function are structured to permit comparison of alternatives 
with respect to any element of the hierarchy. Strengths and weaknesses 
of each alternative may, therefore, be displayed. 
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5. ANALYSIS FRAMEWORK 


5.1 Overview 


The analysis framework is the link between a specific transportation 
case description and the comparison criteria (Y variables). Figure 5.1. 
The purpose of analysis is to compute values for the Y variables. In 
the comparison methodology, computation runs from left to right in the 
figure, i.e., from system synthesis to analysis to evaluation. However, 
development of the computational models, as pointed out in Chapter 2, 
is from right to left. The evaluation activity determines the comparison 
criteria or Y variables from knowledge of the decision situation and 
the decision-makers' policies and objectives. The Y variables themselves 
then suggest the type of analysis that would be required in order to 
calculate values for each of them. 

Proceeding to the left through the analysis framework, the type of in- 
put variables required by analysis can be defined. In general , there 
are two types, which we have called regional descriptors and system 
descriptors s that comprise a case description. 

The regional descriptors (Z variables) define the intercity region in 
which the transportation system is imbedded. The intercity region geo- 
graphically includes urban areas that define the ends of the intercity 
link, as well as the corridor region in between the cities and non-cor- 
ridor areas that may be affected by the intercity transportation system. 
The Z variables include descriptors of the historic, current, and pro- 
jected status of the region's economic, demographic and societal charac- 
teristics . 

System descriptors refer to variables that describe a transportation 
alternative. In contrast with regional descriptors, which are transpor- 
tation independent, system descriptors (X variables) are concerned only 
with the transportation system. Intercity transportation alternatives 
differ only in their X descriptors; initial regional Z variables are 
unchanged from alternative to alternative. 
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Sys tem 
Descriptors 
(X Variables) 



Regional 
Descriptors 
(t Variables) 


Total 

Effect 


Figure 5.1 - Role of Analysis in Comparison Methodology 




The X variables are used to describe alternatives In sufficient detail 
to permit calculation of the specified V variables. For example, since 
fossil fuel consumption is a Y variable, there would need to be X vari- 
ables describing propulsion technology and Its energy requirements on 
a unit basis such as BTU/ track-mile. On the other hand, a potential Y 
variable, passenger comfort, was not chosen because the decision situation 
deals with the early concept phase of the program life cycle rather than 
with the design or operating phases. No X variable related to passenger 
comfort, e.g., passenger seating configurations, seating density, etc., 
is, therefore, required. 

5,2 Analysis Models 

For each Y variable, some sort of computation model is required. The 
Inputs to the computation are X and Z variables and, some cases, inter- 
mediate variables resulting from a prior model in the analysis framework. 
Estimates of the Y variables themselves are the output from the analysis 
framework. As noted in Section A.l, three classes of Y variables are 
specified: 

• intercity transportation system 

• societal effects 

• economic effects 

Models in the analysis framework are conveniently classified according 
to the Y variables to be estimated: those models used to estimate 

transportation effects, societal effects, and economic effects, respec- 
tively. Figure 5.2 depicts the analysis framework partitioned into these 
three categories. Based on a reasonable review of analytic models that 
are currently available, the following conclusions were reached. 

• A preponderance of existing models relate to a description of 
the transportation system and its attributes. 

• Most of these models are inappropriate because either they have 
been developed for detailed design or they do not provide 
estimates of required variables. 

• Relatively few models have been developed to describe the soci- 
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Transportation 
System Attributes 


Economic Effects 


Societal Effects 


Comparison 
Criteria 
(Y Variables) 



Figure 5.2 - Conceptual Partitioning 
of Analysis Framework 




etal and economic effects of an intercity transportation system. 

• Models that compute appropriate variables frequently require 
relatively high levels of effort to use. 

A fundamental flexibility of the comparison methodology is that the 
procedures used to estimate Y variables are independent of the meth- 
odology itself. Implementation of the analysis framework might range 
from judgmental estimates of Y variables to an integration of sophisti- 
cated computer models requiring several man-years to exercise. 

The analysis capabilities required to estimate the comparison criteria 
{the Y variables) of the illustrative example may be represented by 
Figure 5.3. If fully implemented by means of state-of-the-art mathe- 
matical models, man-years of model validation, data collection, and 
computations would be required. On the other hand. Figure 5.3 can be 
viewed as defining judgments that could be made by knowledgeable person- 
nel aided by available data and minicomputers. The appropriate level of 
effort for each activity within the analysis framework depends on the 
decision situation and resources available for a particular study. 

Implementation of the analysis framework is a Phase II activity. Analysis 
models and techniques compatible with the Phase II level of effort will 
be defined early in the Phase II study. 
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Figure 5.3 - Potential Models for Analysis Framework 



6. SYNTHESIS: CASE DESCRIPTIONS 


6.1 Regional Descriptors 

Regional descriptors (Z variables) are used to measure historic values 
for characteristics of the Intercity region that may affect or be 
affected by a new intercity transportation system. Y variables are, 
by definition, all those regional characteristics which will be affected 
by a new transportation system. The corresponding Z variables are 
required in order to describe the past and current values of those 
affected characteristics. 

The relationship between regional descriptors and comparison criteria 
is illustrated in Figure 6.1a Y variables are future estimates while 
the corresponding Z variables are historic data. There are some Z vari- 
ables, however, which, although they affect the transportation system 
decision, are not themselves affected by the choice of alternative. This 
situation is illustrated in Figure 6.1b. Examples of this kind of Z vari 
ables are topography, which may affect ground system construction costs, 
and institutional factors, which may affect fare structure and hence 
riders hip. 

The Z variables include the Y variables listed in Table 4.1 and regional 
characteristics that affect but are unaffected by the transportation 
modal decision. The list of Z variables is given in Table 6.1. These 
Z variables should be regarded as tentative because the list can only be 
finalized with definition of the analysis framework during Phase II. 

The intercity region used for the illustrative example is the Los Angeles 
San Francisco transportation corridor. This region is defined by the 
California counties that are affected by an intercity transportation 
system within the Los Angel es-San Francisco corridor. These counties 
include not only those from which potential demand arises but also those 
which may be affected socio-economically even though they do not contrib- 
ute significantly to passenger demand or freight demand. These counties 
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Figure 6.1 - Relationship Between 
Z Variables and V Variables 
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Population (Regional) 

Population (National) 

Topography 

Weather Conditions 

Weight Limits 

Time Restrictions 

Tax Policy 

Subsidy Levels 

Peak Demand 

Off-Peak Demand 

Gross National Product 

Potentional For Vandalism 

Passengers 

Freight 

Investment 


Operating Costs 

Operating Surplus/ Subsidy 

Airports - Service Level 

Railroad Stations - Service 
Level 

Bus Stations - Service Level 

Roadways - Service Level 

Demography 

Health Status 

Land Use 

Property Damage 

Noise Levels 

Vi si bill ty 

Employment 

Fossil Fuel 

Gross Regional Product 
Interregional Product 


Table 6.1 Regional Descriptors (Phase I Z Variables) 
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are designated in Table 6.2 as Urban or Corridor corresponding to two 
urban ends and the corridor of the transportation link. 

6.2 System Descriptors 

System descriptors (X variables) are the transportation alternative 
variables used to supply modal input information to the analysis frame- 
work. The X variables are similar to the Z variables in that they are 
selected because they affect at least one Y variable. X and Z vari- 
ables are also similar because both types are used to describe the 
region in a broad sense. The primary distinction is that X variables 
are used to describe technological characteri sitics of the region's 
current and potential intercity transportation alternatives while Z 
variables describe the regional environment in which each transportation 
alternative is embedded. 

Because X variable values are dependent on a specific proposed trans- 
portation alternative, there will be as many sets of X variables as 
there are proposed alternatives for evaluation. Conversely, for an 
intercity region, there is only one set of the (system independent) 

Z variables. The X variable values for one transportation alternative, 
together with the Z variables, form a case description. This case 
description is the complete set of input data required by the analysis 
framework in order to produce the set of Y variables. 

The X variables for the illustrative example are presented in Table 
6.3. This list, like the Z variables, should be regarded as interim 
until the analysis framework is finalized in Phase II. 

The illustrative example considers four transportation alternatives. 

The first is defined as the Base Case - the present transportation 
system projected to the year 2030. It is assumed that no new system 
is introduced and that the same transportation modes remain, i.e., air, 
auto, train and bus. The other three alternatives are similar to the 
base case, but each includes the mode to be evaluated as part of the 
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Urban Counties - San Francisco Area 

♦ 

• 

Alameda 

San Joaquin 

Contra Costa 

San Mateo 

Marin 

Santa Clara 

Monterey 

Santa Cruz 

Napa 

Solano 

Placer 

Sonoma 

Sacramento 

Yolo 

San Francisco 


Corridor Counties: 


Fresno 

Merced 

Kern 

Stanislaus 

Kings 

Tulare 

Madera 


Urban Counties - los Angeles Area: 


Los Angeles - Long Beach 

San Diego 

Riverside 

Santa Barbara 

San Bernardino 

Ventura 


Table 6.2 - Region Counties 
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Speed 

Capacity 

Frequency 

Terminal Accessibility 
Energy Requirements 
Emi ssiuis 

Route Land Requirements 
Route Air Requirements 
Noise Levels 


Vehicle Construction Costs 

R&D Appropriations 

Guideway Acquisition and 
Construction Costs 

Operating Costs 
Accident-Rates 
Persons Killed - Rates 
Access/Egress Times 
Access/Egress Costs 
Headway Requirements 
Terminal Requirements 


Table 6.3 System Descriptors (Phase I X Variables) 
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transportation system. The three new technologies to be considered 
are? 

• tracked air cushion vehicle (TACV) - a high speed fixed 
guideway system 

• Improved passenger train (IPT) - an advanced railroad train 
capable of 240 km/hr (150 mi/hr) 

• improved conventional takeoff or landing aircraft (CT01) - 
the next generation of commercial aircraft 

In the Phase II application of the comparison methodology, the general 
description above would be replaced by quantitative regional and sys- 
tem descriptors (Z, X variables) for each of the transportation alterna- 
tives . 
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7. ANALYSIS 


Each comparison criterion in the illustrative example (Table 4.1 and 
Appendix A) is a ratio. The denominators are discussed in Section 4,2 
and are listed in Table 4.2. The numerators depend on the particular 
transportation alternative being considered. For example, (Y^ ^ ^ 
would be found, for a particular alternative, by calculating individual 
modal ridership with a modal split model and then summing ridership 
across all inodes. Such computations will be made in Phase II, but were 
beyond the scope of the Phase I Study. 

For the illustrative example of Phase I, educated judgment was used to 
estimate the numerators of the comparison criteria. The rationale for 
the analysis of each of the four alternatives is summer! zed in Tables 
7.1 through 7.4. The numerical results are presented in Appendix C. 
(Appendix C includes results for a fifth alternative, a tracked air 
cushion vehicle operational in the year 2000, the Early TACV. ) 
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Table 7.1 - Base Case - Numerator 

For the base case, there are no new systems Introduced. There are some 
evolutionary changes but no revolutionary alterations in transportation 
systems. The rationale for the comparison criteria of the base case is 
a simple extrapolation of past transportation trends with analysis of 
possible growth restraints. 


Hierarchical 

Number 

Comparison 

Criterion 

Rationale 

1.1.1 

Passengers 

Lower than aspirations since no revolu- 
tionary change; primary mover is the 
auto. 

1.1.2 

Freight 

Only slightly lower than aspirations. 

1.2.1 

Investment 

Lower than aspirations since no revolu- 
tionary change need be supported. 

1.2.2 

Operating 

Costs 

Lower than aspirations since no new sys- 
tem is being considered. 

1.2.1 

Operating 

Surplus/ 

Subsidy 

Since no new system is being operated, 
primary carrier of passengers is still 
the auto. Thus, the heavy operating 
subsidy on the auto continues and grows. 

1.3.1 

1.3.2 

Airports 

Rail road 
Stations 

All these facilities are under capacity 
and can be expanded although congestion 
and pollution from auto use reduces 
passenger travel demand. 

1.3.3 

Bus 

Stations 


1.3.4 

Roadways 

Increased auto use means this facility 
exceeds aspirations. 

2,1,1 

Demography 

There is no new system to draw people 
to corridor. Therefore, urban population 
density continues to rise relative to the 
population density of the region as a 
whole. Thus, corridor demography exceeds 
aspirations by growing amounts. Aspira- 
tions reflect desire for lower urban 
population density and for people to move 
into corridor area. 
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(Table 7.1 continued) 


Hierarchical 

Number 

Comparison 

Criterion 

Rationale 

2.1.2 

Heal th 
Status 

With more auto use there are more acci- 
dents * hence, more injuries. Thus, in 
general, this variable exceeds aspirations 
but because of lower travel demand, ini- 
tially this variable is closer to aspira- 
tions. The aspiration is a steady 1 % 
decline in injuries from present 465,200/ 
yr. The aspirations also reflect techno- 
logical advancement with a dramatic de- 
crease in injuries by the year 2010. 

2.2.1 

Land Use 

Urban land continues to grow relative to 
urban plus farm land in the corridor but 
no new system implies no new population 
Influx into the corridor. Hence, this 
variable is lower than aspiration. The 
aspirations reflect a desire to induce 
people to move into the corridor. 

2.2.2 

Property 

Damage 

Aspiration is for st r _dy 1% decline from 
present $239 x 10 6 /yr, (i.e., 10% of 
Economic Loss due to auto accidents). 
Increased auto use implies this variable 
exceeds aspiration levels by growing 
amounts . 

2.2.3 

Noise 
Level s 

More autos, congestion, population density 
growth implies large increase over aspira- 
tion levels. 

2.2.4 

Visibility 

As in 2.2.3, the base case shows a large 
increase over aspiration levels. The 
aspiration is for a steady decline as 
air quality improves. 

3.1.1 

Employment 

Slightly lower than aspiration (94% of 
labor force) due to low investment and 
slower growth in corridor. 

3.2.1 

Fossil 

Fuels 

Increased auto use implies this variable 
exceeds aspirations by growing amounts. 

7 he aspiration reflects the assumption 
that fusion power is commercially avail- 
able in 2010 and that autos start using 
fusion-produced hydrogen as fuel. 


3 
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(Table 7.1 continued) 


Comparison 

Rationale 

Criterion 


Gross 

As in 3.1.1, this variable is slightly 

Regional 

Product 

lower than aspiration level. 

Interregional 

No new system implies interregional 

Product 

product lower than aspiration levels. 








Table 7.2 - Tracked Air Cushion Vehicle - Numerator 


The TACV is a revol utionary change which is capital intensive due to the 
tracked guideway. Proposed system stops at 3 stations in the corridor. 
The TACV is very fast with a minimum travel time of only 84 minutes 
between San Jose and Los Angeles. Thus, TACV competes with air transpor 
tation. The TACV becomes available in 2010. 


Hierarchical 

Number 

Variable 

Rationale for Change from Base Case 

1.1.1 

Passengers 

After TACV introduction, large increase 
In passenger-km base case and less auto 
traffic. As in base case before intro- 
duction of TACV. 

1.1.2 

Freight 

TACV is passenger oriented - no interfer- 
ence with railroad freight due to new 
track guideway. Freight aspiration is 
met or slightly exceeded. Large TACV 
investment leads to more freight. 

1.2.1 

Investment 

There are large investments in TACV with 
long lead times for RSD and construction 
beginning in 1990; investment aspiration 
is exceeded. 

1.2.2 

Operating 

Costs 

As in base case before introduction of 
TACV; then rise to aspiration then slightly 
exceed aspiration. 

1,2.3 

Operating 

Surplus/ 

Subsidy 

As in base case before TACV introduction. 
Auto operating subsidy drops after intro- 
duction but additional subsidy needed for 
lower-income groups to use TACV. Thus, 
only slight increase (or equal } over 
aspi ration. 

1.3.1 

Airports 

After TACV introduction, there is a signi- 
ficant drain- off of air flights per day 
from aspirations. 

1,3.2 

Rail road 
Station 

More of the unused railroad station cap- 
acity is utilized. 

1.3.3 

Bus 

Station 

As in base case. 
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(Table 7.2 continued) 


Hi erarchical 
Number 

Variable 

Rationale for Change from Base Case 

1.3.4 

Roadways 

As in base case before TACV introduction, 
then large decline in auts/day. 

2.1.1 

Demography 

As in base case until TACV introduction 
than dramatic decreases from base case 
as relatively greater population growth 
occurs in the corridor along the guide- 
way path. 

2.1.2 

Health 

Status 

As in base case until TACV introduction 
then dramatic decrease from base case 
as auto use declines. 

2.2.1 

Land Use 

As in base case until TACV introduction 
then dramatic increases over base case 
to meet aspiration. 

2.2.2 

Property 

Damage 

As in base case until TACV introduction 
then dramatic decrease from base case as 
auto use drops. This variable then meets 
aspirations and finally exceeds them. 

2.2.3 

Noise 

Levels 

As in base case until TACV introduction 
then moderate to dramatic decrease from 
base case as auto use, and hence, con- 
gestion declines and urban density drops 
due to population growth in corridor; 
these decreases accelerate with time. 

2.2.4 

Vi sibil ity 

As 2.2.3 above. 

3.1.1. 

Employment 

Increased investment leadds to increased 
employment as the investment is made. 
Further, corridor growth also stimulates 
employment and together these influences 
result in higher employment. After 
introduction of TACV aspirations are 
slightly exceeded. 

3,2.1 

Fossil 

Fuel 

As in base case until TAC introduction 
then dramatic decrease as auto use drops, 
then reaches but probably does not exceed 
aspirations. 

3.3.1 

GRP 

As in 3.1.1 but the effects of investment 
and growth are more strongly felt. 
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{Table 7.2 continued) 
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Table 7.3 - Improved Passenger Train - Numerator 


The IPT is a major, though evolutionary, change. With the advanced IPT, 
the travel time from Los Agneles to San Francisco is 3 hours including 
three stops (Fresno, Bakersfield, Stockton V The IPT uses existing rail 
tracks so requires less investment than the TACV. The IPT becomes avail- 
able in 1990. Main effects are felt in the corridor. 


Hierarchial 

Number 

Variable 

1.1.1 

Passengers 

1.1.2 

Frei ght 

1.2.1 

Investment 

1.2.2 

Operati ng 
Costs 

1.2.3 ; 

Operating 

Surplus/ 

Subsidy 

1.3.1 

Airports 

1.3.2 

Rail road 
Station 


Rationale for Change From Base Case 


After introduction of IPT, there is only 
a small increase in passenger-km over 
the base case beginning in 1990. The IPT 
then draws some passengers away from autos 
and buses but total passenger-km go up 
si ightly. 

The speed of IPT precludes mixing IPT and 
freight trains on the same tracks at the 
same time. However, in some cases, there 
are alternative tracks available. Hence, 
the impact of the IPT on freight is small 
though negative over the base case at first 
then zero as freight movements adapt. 

The proposed IPT costs less than 500 mil- 
lion (Chesler and Goeller, 1973). Hence, 
all investment is embedded in the base 
case investment (i.e., evolutionary). 

Very slight increase over base case due to 
the fact that even though the IPT draws 
passengers from the auto and bus modes the 
cost of operating the highway system 
remains the same. 

Slight increase in subsidy because small 
additional IPT subsidy is added to base 
case. 

IPT has no effect on air transportation 
system. 

A greater percentage of unused capacity 
is util ized by the IPT. 
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(Table 7.3 continued) 


Hierarchial 

Number 

Variable 

Rationale For Change From Base Case 

1.3.3 

Bus 

Station 

Expandable to meet all demand in this 
case. 

1.3.4 

Roadways 

After introduction vehciles/day drop 
slightly below neutral level. 

2.1.1 

Corridor 

Demography 

After introduction there is a slight 
decrease from the base case followed by 
moderate steady decline as greater rela- 
tive growth of population occurs in the 
corridor. 

2.1.2 

Heal th 
Status 

After introduction, there is a slight 
decrease that remains relatively constant 
as a result of reduced auto passenger-km. 

2.2.1 

Land Use 

As in 2.1.1, with same growth. 

2,2.2 

Property 

Damage 

As in 2.1.2, with same relative decrease. 

2.2.3 

Noise 
Level s 

Slight decrease over base case because 
even though the IPT itself is loud, the 
effects of the IPT actually reduces noise 
levels. That is, there is less congestion 
on highway, lower urban density, etc. 

2.2.4 

Visibility 

Slight decrease from base case due to 
reduced auto use. 

3.1.1 

Employment 

Same as base case until corridor popula- 
tion growth can produce slight increase. 
That is a delayed but slightly positive 
effect. 

3.2.1 

Fossil 

Fuels 

Slight reduction over base case due to 
reduced auto use. 

3.3.1 

GRP 

Same as base case followed by same rela- 
tive increase as in 3.1.1. 

3.3.2 

Interre- 

gional 

Product 

After introduction, there is a slight 
decrease comparable to freight decrease 
and then a return to the base case. 
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Table 7,4 - Improved Conventional Take-Off Or 
Landing Aircraft - Numerator 

The Improved CTOL is essentially a more efficient form of the aircraft 
flying now and has larger capacity. As such* Its introduction Into the 
aircraft fleet will be evolutionary as ageing aircraft are replaced with 
the CTOL. Since air transportation accounts for only a small though growing 
share of total intercity passenger kilometers, the effects of the improved 
CTOL will be a small and growing desirable change over the base case. 

The improved CTOL is Introduced in 1990. 


All comparison criteria not listed are the same as in the base case. 


Hierarchical 

Number 

Comparison 

Criterion 

Rationale For Change From Base Case 

1.1.1 

Passengers 

Small increase over base case. 

1.3.1 

Airports 

Since larger aircraft can carry more 
passengers per plane, slight decrease 
from base case. 

2.2.2 

Property 

Damage 

Better aircraft induce more people to 
fly, and hence, lower auto use and auto 
accidents resulting in a slight decrease 
from base case. 

2.2.3 

Noise 

Levels 

As in 2.2.2, there is a slight decrease 
from base case. 

2.2.4 

Visibil ity 

The slight decrease in auto use leads to 
a slight decrease from the base case 
beginning in 2020. 

3.2.1 

Fossil 

Fuels 

Exactly as in the base case except for 
the year 2010 when there is a slight 
decrease. The evolutionary introduction 
of the improved CTOL does not make any 
impact until 2010, and fusion produced 
hydrogen fuel dominates after 2010. 

3.3.1 

GRP 

A slight increase over the base case 
as the aircraft manufacturing industry 
is within the region. 
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8. EVALUATION 


The data presented in Appendix C were used as input data to the evalua- 
tion model comprised of: 

• the relative worth curves (Appendix B) 

• relative weights {Equation (4-12) and Figure 4.5) 

• objective function (Equations (4-13) through 4-24) and the 
discount rates on pages 50 and 51). 

The results are presented in Table 8.1. For the data of the illustrative 
example, the Early TACV is the clearly preferred alternative; moveover, 
it is the only alternative that yields a positive total effect, i.e., 
that represents overall achievement of objectives. 


To illustrate the computation of total effect, P, for a given alternative, 
consider the cirterion Passengers (Y^ ^ |) and the Early TACV. The 
results of analysis from Appendix C are: 



The relative worth of Y^ ^ ^ ^ for each year is obtained from the 
relative worth relationship (Appendix B): 

( U 1 1 1 ) t "°’ 406 -0- 4 06 +0,382 +0.510 +0.3S2 +0,233 

The time flow of ^ is multiplied by its relative weight 7.5 (from 
Table 4.5) according to equation (4-12): 

(U x 1 1 ) t -3.05 -3.05 +2.87 +3.33 +2.37 +2.14 


These data, together with the time flows for the Base Case and the TACV, 
are shown in Figure 8.1. It is time flows such as these that are aggregated 
and then evaluated by means of the discount functions. 
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1 

Base 

Case 

2 

TACV 

CM 

4 

** 
J2 x: 

t: 3 

Jr o 

p r 

Transpor- 

tation 

Effects 

- 4.15 

-2.33 

-S S- 
— x: 

cu 

> ^ 
« — t 
-4-> CM 
rO 1 

V 

Societal 

Effects 

-16.51 

-2.25 

-laa 

Pv 

Economic 

Effects 

- 3.83 

-0.63 


P 4 ’ 

Total 

Effects 

-24.48 

-5.22 


RANK 

5 

7 


Table 8.1 - 


ALTERNATIVES 




3 

IPT 

4 

Early 

TACV 

5 

Improved 

CTOL 


-3.56 

0.36 

- 3.91 


-1.83 

6.04 

-15.41 


-3.17 

1.57 

- 3.74 


-8-57 

7.93 

-23.06 


3 

1 

4 
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Figure 8.1 - Time Flow of Weight -d Relative Worth 
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The time flows of weighted relative worths of the other criteria are 
similarly computed, e.g,. 


l.l. 2 *t 

100 

100 

104 

102 

102 

102 

1 . 1 . 2 } t 

0 

0 

0.323 

0.173 

0.173 

0.173 

1 . 1 . 2 ^t 

0 

0 

2.42 

1.30 

1.30 

1.30 


The time flows of weighted relative worth are aggregated using equations 
(4-13) through (4-17), e.g., 

= (“l.l.Pt + (U 1.1.2^t 

tU l.l)l980 * ' 3 ’ 05 + 0 * ' 3 - 05 

The resulting time flow in relative worth is: 

^ U l.l*t -3.05 -3.05 +5.29 5.13 4.17 3.44 

With linear interpolation to obtain data for intermediate years, the 
present relative worth of this time flow is, from equation (4-18): 

p i.i ■ +0 - 6S 

Similarly, the time flows of relative worths -- (U^ (U^ ^ )^ , (U 3 )^. 

-- are converted to present worths throuqh equations (4-19), (4-20), 
(4-21), (4-22), respecti vely. The aggregation of present worths is 
represented by Figure 8.2 and is accomplished with equations (4-23) and 
(4-24). The results are summaraized in Table 8 . 1 . 
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9. SENSITIVITY ANALYSES 


Ability to investigate sensitivity of the results of the evaluation 
model is illustrated for (1) changes in relative worth functions, (2) 
changes in relative weights, and (3) changes in discount rate. 

9.1 Relative Worth Functions . 


Sensitivity to the shape of the relative worth functions is illustrated 
by assuming a straight line through U(Y T ) * 0 and U ( Y M ) * 1 (Figure 9.1). 
The results are tabulated in Table 9.1. 

Linearizing the relative worth functions resulted in a significant 
increase in all the present relative worths. The increase in relative 
scores was expected because all alternatives were unacceptable, with 
negative relative worths, and linear functions do not penalize unsatis- 
factory consequences as severely as nonlinear relationships. 

For example, let us consider the criterion Investment < Y 1.2.1>- The 

nonlinear and linear relative worth functions are shown in Figure 9.2, 

For the TACV in the year 2000. Y^ 2 j ls estimated to be 132 (Equation 

(4-1) and Appendix C). From Figure 9.2: 

U(Y. n ■()« " - 0.567(nonl inear relative worth 

function) 

U (Y. ? , ). - - 0.320(1 inear relative worth 
L function) 

Applying the relative weight 2 ^ = 6 (Figure 4.5): 

U ' V 1.2.1>N = - 3 - 40 

U ( Y 1 . 2 .A = '’■• 92 

For this one criterion, therefore, the use of the linearized function 
to approximate relative worth results in an Increase of 1,48 in relative 
worth. 

An advantage of the nonlinear functions is demonstrated by the effect 
on TACV, where the relative score changed from negative to positive. 
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Basel ine 
U 

Data 

Rank 

Linear Relative 
Worth 

U Rank 

9ASECASE 





p i 

- 4.15 

4 

- .33 

4 

P 2 

-16.51 

4 

-5.16 

4 

P 3 

- 3.83 

4 

- .79 

4 

P 

-24.48 

4 

-6.28 

4 

TACV 





P 1 

- 2.33 

1 

.36 

r* 

c 

P 2 

- 2.25 

2 

1.05 

1 

P 3 

- .63 

1 

.30 

1 

P 

- 5.22 

1 

1.72 

1 

IPT 





P 1 

- 3.56 

2 

.13 

1 

P 2 

- 1.83 

1 

.18 

2 

P 3 

- 3.17 

2 

- .64 

2 

P 

- 3.57 

2 

- .34 

2 

CTQL 





p i 

- 3.91 

3 

- .29 

3 

P 2 

-15.41 

3 

-4.92 

3 

P 3 

- 3.74 

3 

- .78 

3 

P 

-23.06 

3 

-5.99 

3 


Table 9.1 - Effect of Linearized Relative Worth 
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Relative Worth 



With zero relative worth defined to mean neutral contribution to success, 
the negative score indicates an unsatisfactory alternative and the posi- 
tive score Indicates an acceptable alternative. The linearized functions 
may not permit penalizing a truly unacceptable result on one criterion 
sufficiently to cause rejection of an alternative, while maintaining a 
consistent scoring for neutral and desirable results. 

9.2 Relative Weights 

Sensitivity to the choice of relative weights is illustrated by assum- 
ing an "environmentalist", who weights societal effects most heavily, 
an "economist", who weights economic effects most heavily (Table 9.2). 

The results are presented in Table 9.3 and Figures 9.3a,b, and c. 

It is interesting that the four alternatives were ranked the same by 
three quite different sets of relative weights. The implication of 
this insensitivity is that there is little need to be concerned with 
establishing weights with great precision. Different interests and 
different priorities may be caused by disagreements concerning either 
the relative worth functions or estimates of the outcomes. In rating 
alternatives, both desirability of various amounts of a criterion and 
beliefs in what will occur can be more influential than is the relative 
importance of the criteria with respect to each other. 

An advantage of the methodology is its ability to disaggregate a 
decision problem into its elements and to provide visibility for those 
elements where disagreements exist. Furthermore, signfieance of the 
disagreements can be investigated. 

9.3 Discount Rate r 

Sensitivity to the choice of discount rate is illustrated by assuming 
that r (Section 4.5) is a constant over all criteria. The alternatives 
are evaluated for r = 0, 0.10, and 0.20. Results are presented in 
Table 9.4. 

Although the change in discount rate did not alter the ranking of 
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Baseline Data 

Environmental ist 

Economi st 

1.1.1 

Passengers 

7.50 

3.75 

7.50 

1.1.2 

Frei ght 

7.50 

3.75 

7.50 

1.2.1 

Investment 

6.00 

3.00 

6.00 

1.2.2 

Operating Costs 

5.00 

2.50 

5.00 

1.2.3 

Surpl us/Subsidy 

4.00 

2.00 

4.00 

1.3.1 

Urban Facility-Air 

3.00 

1.50 

3.00 

1.3.2 

Urban Facility-RR 

1,50 

.75 

1.50 

1.3.3 

Urban Facility- Bus 

1.50 

,75 

1.50 

1.3.4 

Urban Fac.-Road 

4.00 

2.00 

4.00 

2.1.1 

Corridor Demog. 

5.00 

10.00 

2.50 

2.1.2 

Health Status 

5.00 

10.00 

2.50 

2.2.1 

Corrid. Land Use 

5.00 

10.00 

2.50 

2.2.2 

Property Damage 

5.00 

10.00 

2,50 

2.2.3 

Noise Levels 

5.00 

10.00 

2.50 

2.2.4 

Vi sibil ity 

5.00 

10.00 

2.50 

3.1.1 

Employment 

7.50 

5.00 

11.25 

3.2.1 

Fossil Fuels 

7.50 

5.00 

11.25 

3.3.1 

Gross Reg. Prod. 

9.00 

6.00 

13.50 

3.3.2 

Interreg. Prod. 

6.00 

4.00 

9.00 


Table S.2 - Sensitivity to Relative Weights 
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Weights 

Figure 

From 

11.2 

Environmentalist 

Economist 



U 

RANK 

U 

RANK 

U 

RANK 

1. 

Base Case 








p i 

- 4.15 

5 

- 2.07 

5 

- 4.15 

5 


P 2 

-16.51 

5 

-33.01 

5 

- 8.25 

5 


P 3 

- 3.83 

5 

- 2.55 

5 

- 5.74 

5 


P {Total 
Effect) 

-24.48 

5 

-37.64 

5 

-18.14 

5 

2. 

TACV 








p i 

- 2.33 

2 

- 1.17 

2 

- 2.33 

3 


P 2 

- 2.25 

3 

- 4.51 

3 

- 1.13 

3 


P 3 

- .63 

2 

- .42 

2 

- .34 

2 


P 

- 5.22 

2 

- 6.09 

2 

- 4.40 

2 

3. 

IPT 








p i 

- 3.56 

3 

- 1.78 

3 

- 3.56 

2 


P 2 

- 1.83 

2 

- 3.67 

2 

- .92 

2 


P 3 

- 3.17 

3 

- 2.11 

3 

- 4.76 

3 


P 

- 8.57 

3 

- 7.56 

3 

- 9.24 

3 

4. 

Early TACV 








p i 

.36 

1 

.2t‘ 

1 

.53 

1 


P 2 

6.04 

1 

12.07 

1 

3.03 

1 


P 3 

1.54 

1 

1.02 

1 

2.30 

1 


P 

7.93 

1 

13.36 

1 

5.85 

1 

5. 

CTOL 








P ! 

- 3.91 

4 

- 1.95 

4 

- 3.91 

4 


P 2 

-15.41 

4 

-30.82 

4 

- 7.70 

4 


P 3 

- 3.74 

4 

- 2.49 

4 

- 5.61 

4 


P 

-23.06 

4 

-35.26 

4 

-17.22 

4 


Table 9.3 - Sensitivity to Relative Weights - Results 
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p 

ENVIRONMENTALIST WEIGHTING 



ALTERNATIVES 


Figure 9.3b - Total Relative Worths: 
"Environmentalist’s" Relative Weights 
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ALTERNATIVES 


Figure 9.3c - Total Relative Worth; 
"Economist' s" Weights 
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CH3 



- 6.80 5 - 1.18 5 - .58 4 

- 16.51 5 - 1.54 5 .35 5 

- 22.44 5 - 3.83 5 - 1.88 5 

- 45.74 5 - 6.55 5 - 2.81 5 

+ 1.23 2 - 1.08 3 - .64 5 

- 2.25 3 - 1.10 3 - .32 3 k 

+ .23 2 - .63 2 - .41 2 

- .75 2 - 2.81 2 - 1.37 2 

- 3.66 3 - .80 2 .40 2 

- 1.83 2 + .07 1 + .13 1 

- 10.74 3 - 3.17 3 - 1.78 3 

- 16.23 3 - 3.91 3 - 2.06 3 

+ 3.23 1 - .52 1 .38 1 

+ 6.04 1 - .19 2 .15 2 

+ 11.54 1 + 1.54 1 + .60 1 

+ 20.80 1 + .82 1 + .06 1 

- 6.38 4 - 1.12 4 

- 15.41 4 - 1.45 4 

- 21.78 4 - 3.74 4 

- 43.57 4 - 6.30 4 


- .56 3 

- .32 3 k 

- 1.85 4 

- 2.73 4 ' 

- : 

1 

la 

1 


Rate, R 






alternatives, the effect of high interest rates applied to all criteria 
was to reduce the differences between al ternatives , while r - 0 magnified 
such differences: 


r 

Baseline data 
0 

0.20 


Range of P 

Early TACV - Base Case 
7.93- (-24 .48 > - 32.41 
20.80- (-45.74) = 66.54 
0,06- {- 2.81) » 2.87 


The reason for this effect is that major differences between systems 
do not occur until they start to operate in the relatively distant future. 
High discount rates reduce to insignificance both costs and benefits 
taking place in 30 to 50 years. At r = 0.20, for example, a relative 
worth ~ 10 thirty years from now has a present worth = .024; a rela- 
tive worth - 10 fifty years from today has a present worth = .000. 

Hence, if the benefits of new technologies are to significantly Influence 
transportation decision-making, either discounting must be ignored 
(equivalent to setting r = 0) or the discount rates applied to trans- 
portation and societal benefits must be different from (lower than) the 
rate applied to dollar flows. 

A further consequence of this phenomenon is illustrated in the data 
for the Early TACV. For the baseline data and for r = 0, the relative 
wo"th indicates this alternative to be definitely desirable, a trans- 
portation system representing signficant achievement of the specified 
policies and goals. At r =0.20 on the other hand, the relative worth 
indicates marginal acceptability, with mildly undesirable transportation 
and societal effects. With a slightly higher r or small changes in the 
estimates of a few criteria, a negative relative worth could result. 

This is a special case of the general principle: at high discount rates, 

it is most difficult to justify investment in social systems requiring 
lengthy acquisition periods before benefits are realized through use of 
the system. 
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10. EVALUATION OF R&D 


One way the Federal government can support a given intercity transporta- 
tion mode or technology is through the funding of related RSD. To pro- 
vide a timely impact on Intercity transportation, decisions concerning 
the R&D activities to be funded should be made prior to or during the 
competitive exploration of alternative transportation system modal con- 
cepts. The purpose of this chapter is to illustrate how the comparison 
methodology evaluates both the mode technology and magnitude of such R&D. 

The Tracked Air Cushion Vehicle (TACV) was chosen as the transportation 
mode to illustrate the evaluation of R&D funding. The TACV was selected 
because it is a high-technology, capital intensive candidate for Federal 
support. 

Four levels of investment over a period of years were explored. The 
first level represents the evolutionary development of TACV, i.e. , no 
new investment over the base case and an operational TACV in the year 
2020. The second level of investment represents moderate Federal R&D 
funding that brings the TACV on line ten years earlier, in the year 2010. 
The' third level of Investment reflects heavy Federal support in all phases 
of research, development and demonstration, leading to the introduction 
of the TACV in the year 2000, The fourth level represents excessive 
funding, since it is believed that little advance in operational date 
can be achieved regardless of any practical R&D investments. The assumed 
relationship between funding level and operational date is shown in 
Figure 10. 1 . 

Figure 10.1 also shows the effects of both the additional R&D investment 
and the early introduction of TACV benefits on total relative worth. The 
results incorporate the tradeoffs between the undesirable higher invest- 
ment and timing of desirable benefits of the TACV transportation mode 
as measured by the relative worth functions, relative weights, and objec- 
tive function of Chapter 4. From these assumed data, it would be con- 
cluded that the optimal investment in TACV, as measured by the total 
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Figure 10.1 - Effects of Additional R&D Funding 
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effect on the selected intercity transportation system, would be between 
$7 billion and $8 billion. 

Similar analyses and evaluations could be performed for other R&D candi- 
dates and for other intercity systems, as required. Quantitative results, 
directly and demonstrably related to achievement of DOT policies and 
objectives, would be available for selection and justification of R&D 
programs . 


11. EVALUATION OF RISK 


Risk associated with a transportation alternative arises from the uncer- 
tainty in the estimates of the comparison criteria. The standard technique 
for quantifying risk so that it can be reviewed, discussed and evaluated 
is to define a probability function over the range of uncertainty of 
the esimate. 

The methodological framework defined and illustrated in the preceding 
chapters provides the tools and techniques for evaluating risk with the 
following two modifications: 

(1) The analysis framework estimates a probability function rather 
than a best estimate for each comparison criterion. 

(2) An expected relative worth is computed rather than the rela- 
tive worth of the best estimate of a criterion: 

Y 

E(u) = / u(Y) F(Y) dY 

where Y * a comparison criterion 
u(Y) s relative worth of Y 
F(Y) = ordinate of probability function l 

E ( u ) * expected relative worth 

When risk is quantified, the expected relative worth rather than the 
relative worth of the best estimate is used for the balance of the evalu- | 

ation computation. The only change in the evaluation model of Chapter 
4 is the to use E(u) for u(Y) in equation (4-9). 

To illustrate the application of this risk evaluation technique, (which 
is theoretically sound, e.g., Fishburn, 1974; Lifson, 1972), uncertainty 
in the criterion was assumed. Uncertainties were assumed to 

be relatively small (i.e., the variance of the distribution is small) 
in the near future and to increase with futurity. The probability 
distributions for the years, 1980, 2000, and 2030 are shown in Figure 
11.1, The best estimate and the range of uncertainty over the planning 
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period is shown in Figure 11.2. 


For the data of Figure 11.1 and the relative worth function (Appendix B) 
and weight (Figure 4*5) for the criterion Passengers* the results of 
computing E(u) rather than the relative worth of the best estimate are 
as follows: 


Year 

1 1ll 

. . 1990 

2000 

■rriTiii 

2020 

2030 

E(u) 

-3.24 

-3.31 

-3.47 

-3.43 

-3.42 

-3.47 

Best 







Estima te 

-3.01 

-3.07 

-3.08 

-3.01 

-3.07 

-3,03 


As desired, the relative worth with risk is lower (more negative) than 
for the best estimate with no uncertainty. This result is a consequence 
of the nonlinearity and shape of the relative worth function. If the 
nonlinearity were increased, the effects of risk on expected relative 
worth would be more negative, indicating greater aversion to risk. 

The computations required for the evaluation of risk are rational and 
feasible. The limiting constraints on the application of the methodology 
lie in the willingness and ability to estimate probabilities as part of 
the analysis activity. 





12. CONCLUSIONS AND RECOMMENDATIONS 


Based on the development of the ECONERGY comparison methodology for 
intercity transportation systems as described In this report* the 
following conclusions are reached, 

• A new method for dealing satisfactorily with long-term development 

of new technology for transportation svstmes has been introduced. 
This new method is based on establishing an For desirable 

transportation features in a long-run future* compatible with long- 
term socio-economic projections. 

• Risk is innate In new technology. However, the risk in any pro- 
posed technology should be assessed in the overall context of 
system risk. The ECONERGY method, by considering alternatives 
as r.e*r v 'V\ :\v of technologies , meets this essential. 

• Traditional methodologies for comparing transportation systems 
have been used for specific technologies and for specific regional 
systems. Comparisons are made in terns of performance measures 
usually limited in number and with short-term horirons. The 
ECONERGY methodology provides a means for considering any number 
of variables, but what is more significant, shifts the focus from 
performance to worth of performance. By systematic emphasis on 
concern for those values on which judgmental decisions can best 

be made and providing an integrating mechanism, a and 

readily applied technique is provided. 

• In one way or another, a decision is reached by applying some vu 1 ue 
system — always judgmental. The ECONERGY methodology calls for 
breaking down the problem into bite-sirs * elements — the per- 
formance variables — and applying judgments to obtain relative 
worths. The degree to which this subdivision is carried out may 
improve the results, but this is up to the analyst. The level of 
effort to accomplish the evaluation can range from modest to e\ten- 
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sive, depending on the degree of involvement of expert, opinion. 

The comparison methodology has a great degree of flexibility in 
the level of effort needed for its successful application. For 
the illustrative example included in this report* the level 
of effort was measured in man-weeks. Calculations for this 
report were performed on a small desk- top computer and hand-held 
calculators. However, if a number of sophisticated analytic 
models were desired for the analysis framework, man-years and 
large-scale computers might be required. The necessary level of 
effort for effective use of the methodology is appropriately 
defined during Phase II. 

The definition of alternative transportation systems includes the 
kinds of R&D needed, its funding level and schedule. Thus, the 
conclusion of the comparison exercise reveals the required amounts 
of R&D as well as the potential loss for not launching timely R&D 
programs , 

The Executive Office has specified policies governing new systems 
aquisition and DOT has established long-term National transpor- 
tation objectives. The ECQNERGY Methodology is designed to best 
meet both requirements. 
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APPENDIX A 


COMPARISON CRITERIA DEFINITIONS 
FOR 


ILLUSTRATIVE EXAMPLE 



'in- 


CRITERION NAME 


Yj j | Passengers {%) 


Y| | ^ Freight (%) 


UNIT OF MEASUREMENT 
FOR NUMERATOR AND 
DENOMINATOR 


Passenger- Ki 1 ometers 
Year 


Tonne- Kilometers 
Year 


DEFINITIONS 


v i.i.i - 100 Vma 

Y D 1.1.1 

Y|j | i i * Ridership on Intercity system 

Y^ 1.1.1 * Ridership that represents neutral 
achievement of ridership goals 

y X ! 2 s 100 Y H 1*1-2 
V D 1.1.2 

Yff 1 1 2 = ,,umJjer °Y tonne- kilometers of 
freight expected to be carried 
on Intercity system 

Yq i j ^ = dumber of tonne- kilometers of 
freight that represents neutral 
achievement of goals 






CRITERION NAME 


UNIT OF MEASUREMENT 
FOR NUMERATOR ANO 
DENOMINATOR 


1.2.1 Investment {%) 



Dollars/Year 


DEFINITIONS 


Y 1 2 j = 100 Y N 1-2-1 

Y 0 1 . 2.1 

i 

y i 

U 1.2.1 - Funds expended in specified time | 

period (one year) for non-recur- 
ring costs of acquiring and 
bringing to operational status 
the land, structures, equipments, 
software, and organizational 
elements of the intercity trans- 
portation system, including R&D, 
training and logistic support 
elements 

y 

D 1.2.1 = Funds expended (as defined above) 
that represent neutral acheivement 
of investment budgetary objectives 





CRITERION NAME 


UNIT OF MEASUREMENT 
FOR NUMERATOR AND 
DENOMINATOR 




1.2.3 Operating Surplus/ 

Dollars/ Year 

Subsidy (%) 


1.3.1 Airports (%) 

Flights/Day 

1.3.2 Railroad Stations (%) 

Trains /Day 


DEFINITIONS 


Y 1 2 3 = 10Q Usercharges - N _ 1.2.2 

Y N 1.2.2 

V D 1.2.3 = V N 1.2.2 

When If, M > 0, If, M A Operating 
i.^.j Surplus 

When Y. , , < 0, y. , , A Operating 

i.t.s subsidy 


'1.3.1 


= 100 


’N 1.3.1 
V D 1.3.1 

Number of flights/daj 


Airport design capacity 


'1.3.2 


= 100 


N 1.3.2 
V D 1.3.2 

Number of trains/day 
Station design capacity 





H- 


CRITERION NAME 


UNIT OF MEASUREMENT 
FOR NUMERATOR AND 
DENOMINATOR 


1 . 2.2 Operating Costs 


Dollars/Year 


DEFINITIONS 


Y 1.2.2 " 100 Y 


H 1.2-2 

D 1,2.2 


1 2 2 ” ^ ur,ds expended in specified time 
period (one year) for operation 
of the intercity transportation 
system, including maintenance, 
repair, other logistic support 
elements and ta/es 

Y D 1 2 2 = ^ IJrK * e/ f ien ^ eti ( dS d^Hried above) 
that represent neutral achieve- 
ment of operating budget goals 





tn 

i 


CRITERION NAME 

UNIT OF MEASUREMENT 
FOR NUMERATOR AND 
DENOMINATOR 

1.3.3 Bus Stations {%) 

Buses/Day 

1.3.4 Roads (%) 

Vehicles/Day 

2.1.1 Demography (%) 

People/Hectare 


People/Hectare 


DEFINITIONS 


Y N 1.3.3 
V D 1-3.3 

Number of buses/day 
Station design capacity 

Y N 1-3,4 
V D 1.3.4 

Humber of vehicles/day 
Roadway design capacity 

Y N 2.1.1 

Y D 2.1.1 

y c Urban population/urban area 

N 2.1.1 Population in Region/Region area 

Yp 2 i i " Level Y N 2 1 1 that re P resen ^ s 
neutral achievement of demo- 
graphic objective 


'1.3.3 


'1-3-4 


‘ 2 . 1.1 


= 100 
* 100 

- 100 
= 100 

= 100 






-116- 


CRITERION NAME 


UNIT OF MEASUREMENT 
FOR NUMERATOR AND 
DENOMINATOR 


2.1.2 Health Status {%) 


Number of people 
Injured /year 


DEFINITIONS 


Y 2.1.2 100 Y 


N 2.1.2 


D 2.1.2 


Y N 2 1 2 ~ N un| k er of P e0 Pl® injured per year 
as a result of: 

• pollution 

• accidents 

• criminal acts 


Y D 21 2 = N um b er of people injured that 
represents neutral achievement 
of intercity transportation 
goals 





2.2,1 Land Use (t) 


2,2.2 Property Damage { 


U»IT OF MEASUREMENT 
FOR NUMERATOR Ai*8 
DENOMINATOR 


Hectares 


Doll art/ /ear 


DeFIUltlOttS 


V 

T 2.2.1 


* 100 


*N 2,2 jl 

% 2.2,1 


_ Or ban area, hectares. 

% 2,2.1 ' Urban + farw area. Hectares 


_ Magnitude of ratle* urban area 
Y 0 2,2;? “ Urban area + farm area, that 

represents neutral achievement of 
land use goals 


*2.2,2 " l0Q 


\ 2,2,2 
% 2 . 2.2 


, . , - Property damage due to environ- 
nt c , i . / 

mental pollution, accidents and 
criminal acts, dollars 
'f„ , . Property damage that represents 
neutral acfef element of Inter- 


city transportation system 
objectives, dollars 





definitions 


* 2 . 2.3 = 
Y f( 2.2.3 


Y K 2.2.3 

100 q- 

*0 2.2.3 

= Hosier of people per year exposed 
to objectionable noise levels on 
& regular basis 


v - Hwsber of people per year that 

B 2.2.3 

represents neutral achievement of 
noise abatement goals 


*2.2.4 " 
Y fS 2.2.4 


1G0 


Y U 2.2.4 
Y D 2.2.4 


= The number of people exposed to 
undesirable levels of visibility 


on a regular basis 

v = Humber of people exposed to 

D 2.2,4 

undesirable levels of visibility 
on a regular basis that represents 



”611- 


CRITERION NAME 


2,2,4 (Continued) 


3.1,1 Employment [%) 


3.2.1 Fossil fuels (?) 


UNIT OF MEASUREMENT 
FOR NUMERATOR AND 
DENOMINATOR 


Number of People 


Liters/Year 



neutral achievement of visibility 
goals 


y 3.1.1 * 100 7 


N 3.1.1 
D 3.1.1 


V N 3 j 1 s Number of people employed 


Y D 3 1 1 ” * iumber of -people -in the labor pool 


y 3.2.1 = 100 Y 


H 3.2,1 
D 3.2.1 


y N 3 2 1 = Humber °f liters/year of fossil 
fuels consumed by the intercity 
transportation system 


Yp 3 2 i = Number of liters/year of fossil 
fuels consumed by the intercity 





CRITERION NAME 

UNIT OF MEASUREMENT 
FOR NUMERATOR AND 
DENOMINATOR 

3.2.1 (Continued) 


3,3.1 Gross Regional 

Dollars/Year 

Product {%} 

■ 



DEFINITIONS 


transportation system that 
represents neutral achievement 
of intercity transportation goals 


j Y 3.3.1 

! 

y Gross regional product, dollars/ 

N 3*3.1 

year 

i 
1 

y = Gross regional product that repre- 

U J , ^ 4 I 

sents neutral achievement of inter- 
city transportation goals, dollars/ 


= 100 !oJLI 

t D 3.3.1 


year 



CRITERION NAME 


UNIT OF MEASUREMENT 
FOR NUMERATOR AND 
DENOMINATOR 


3,3,2 Interregional Product 


DEFINITIONS 


¥ 

T 3.3.2 


= IOO 


Y 

N 3,3.2 
Y D 3.3.2 


Y N 3 3 2 = ^ ue goods and services that 
cross regional boundaries, 
dollars/year 

Y D 3 3 2 = ^ ue 9 oods and services that 
cross regional boundaries that 
represent nent«aJ achievement of 
intercity transportation system 
goals, dollars /year 





APPENDIX B 


RELATIVE WORTH FUNCTIONS 



RELATIVE WORTH 


RELATIVE WORTH 
1.1.1 Passengers 



RATIO (PERCENT) 


-122 



RELATIVE WORTH 


RELATIVE WORTH 


1.2.3 Operating Surplus/Subsidy 



RATIO-, t PERCENT) 


- 124 - 



RELATIVE WORTH 


X.3.1 Airports 

1.3.2 Railroad Stations 

1.3.3 Bus Stations 

1.3.4 Roadways 
2,1.1 Demography 






RATIO ( PERCENT ? 


-127 




RELATIVE WORTH 
2.2.3 Noise Levels 



RATIO < PERCENT) 


- 129 - 


RELATIVE WORTH 


RELATIVE WORTH 
2.2.4 Visibility 



RATIO < PERCENT) 


- 130 - 





RELATIVE WORTH 
3,1.1, Employment 



RATIO v PERCENT > 









APPENDIX C 


ILLUSTRATIVE EXAMPLE 
ANALYSIS FRAMEWORK RESULTS 




YD 1 
1 1. 1 , 1 

PASSENGERS 

1 , 1.2 

FREIGHT 

1 . 2.1 

INVESTMENT 

1 , 2.2 

OPERATING COSTS 

1 . 2.3 

SURPLUS/SUBIBY 

1.3.1 

URBAN FACILITY-AIR 

1 , 3.2 

URBAN FACILITY-RR 

1 . 3.3 

URBAN FACILITY-BUS 

1 , 3.4 

URBAN FAC, -ROAD 

2 . 1.1 

CORRIDOR DEMOG 

I 2 

4. 1 J. . .u 

HEALTH STATUS 

A . £. . 4. 

CORRID LAND USE 

1 *T 

PROPERTY DAMAGE 

2 , 2.3 

NOISE LEVELS 

*3 U 

4 * 1 4 * 1 T 

VISIBILITY 

3 .1 . 1 

EMPLOYMENT 

3 . 2.1 

FOSSIL FUELS 

3 . 3.1 

GROSS REG PROD 

3 . 3.2 

INTERREG PRQB 


1980 

1990 

2000 

12,00 

17.90 

25,10 

33.40 

44.30 

56.70 

4.80 

6.00 

9.50 

.80 

1,10 

1,50 

.60 

.80 

1.10 

51.00 

59.00 

69.00 

1.00 

1.00 

1.00 

1.00 

1 . 00 

1.00 

2290.00 

3206,00 

4494.00 

160*. 00 

160.00 

156,00 

454.00 

432100 

410.00 

1.50 

2.00 

3.00 

227.00 

216.00 

205,00 

88.80 

101 .60 

112.60 

16.00 

14.60 

13.30 

12.20 

13.90 

15.40 

38.50 

51.40 

68,40 

145,00 

203.00 

284.00 

93.00 

130.00 

179,00 


2010 2020 2030 


35.00 

49.00 

68.30 

77.80 

108.00 

136.70 

13.20 

18.50 

25.80 

2.10 

2,90 

4.10 

1,60 

1,60 

2.20 

80.00 

93.00 

108.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

6269.00 

8759 . 00 

12223.00 

153.00 

150,00 

145.00 

390.00 

371,00 

357.00 

3.50 

4.00 

4.50 

195,00 

186.00 

177.00 

123,70 

136.00 

146.20 

12.10 

11.00 

10.00 

16.90 

18.60 

20.00 

90.70 

31.60 

11.00 

396.00 

553,00 

773,00 

246.00 

338.00 

467.00 




YN1 

1.1.1 

PASSENGERS 

1980 

10.90 

1.1.2 

FREIGHT 

31.06 

1.2.1 

INVESTMENT 

3.80 

1.2.2 

OPERATING COSTS 

,60 

1.2.3 

SURPLUS/SUBIDY 

”,20 

1,3.1 

URBAN FACILITY-AIR 

51.00 

1.3.2 

URBAN FAGILITY-RR 

.80 

1.3.3 

URBAN FACILITY-BUS 

,80 

1.3.4 

URBAN FAC. -ROAD 

2404,50 

2.1.1 

CORRIDOR DEMOB 

160,00 

r> i o 

4*1 1 1 A 

HEALTH STATUS 

444,00 

i* i A i 1 

CORRIB LAND USE 

1,50 

o o *:» 

M 1 *• 1 4h 

PROPERTY DAMAGE 

254 , 24 

9 0 7 

*i 4 «> 1 W 

NOISE LEVELS 

133.20 

2,2,4 

VISIBILITY 

17,44 

3.1.1 

EMPLOYMENT 

11,22 

3.2,1 

FOSSIL FUELS 

40,43 

3.3.1 

GROSS REG PROD 

137.70 

3.3.2 

INTERRED PROD 

83,70 


CASE RESULTS: 

NUMERATOR 


1990 

2000 

2010 

2020 

2030 

15,20 

21,30 

29.80 

41.60 

58.10 

41.20 

52.73 

72.35 

100.44 

127.13 

5.40 

7,60 

10.60 

14,80 

20,60 

.80 

1.10 

1,60 

1,60 

2.20 

-.30 

" , 40 

~ .50 

~,80 

‘1,10 

59.00 

69,00 

80.00 

93,00 

108,00 

.80 

.80 

.80 

.80 

,80 

.80 

.80 

,80 

,80 

.80 

3366,30 

4718,70 

6582.40 

9196.90 

12834.10 

165.00 

168.00 

168.00 

170,00 

175.00 

457,00 

472.00 

486.00 

330.00 

285,00 

1,60 

2.00 

2.40 

2,70 

3,00 

241 ,92 

229,60 

218.40 

208.32 

198,24 

152.40 

168.90 

185.50 

204,00 

219,30 

15.91 

14.50 

13,19 

11,99 

10.90 

12.79 

14.17 

15,55 

17.11 

18,40 

53 . 97 

71,82 

104.30 

36.34 

12.65 

192.80 

269.80 

376 , 20 

525.30 

734.30 

117.00 

161.10 

221,40 

304,20 

420.30 


FOR BASE CASE 



u u u u to to t o ro to to h* ** h* ♦- 


Y i 
1.1.1 


1900 

1990 

2O0U 

2010 

2020 

2030 

PASSENGERS 

.85 

.85 

.85 

,85 

.85 

. 85 

1.1.2 

FREIGHT 

,93 

.93 

.93 

.93 

.93 

.93 

1.2.1 

INVESTMENT 

.79 

.79 

.80 

.80 

,80 

.80 

i n *) 

OPERATING COSTS 

,75 

,73 

.73 

.76 

,55 

.54 

1,2.3 

SURPLUS/SUBIDY 

".33 

" . 38 

“.36 

“.31 

“ . 50 

".50 

1.3,1 

URBAN FACILITY-AIR 

1,00 

1.00 

1.00 

1,00 

1.00 

1.00 

1.3.2 

URBAN FACILITY-RR 

,80 

,80 

.80 

.80 

,80 

.80 

1,3,3 

URBAN FACILITY-BUS 

,80 

,80 

,80 

,80 

,80 

.80 

1,3.4 

URBAN FAC. -ROAD 

1.05 

1.05 

1.05 

1.05 

1.05 

1.05 

2.1.1 

CORRIDOR DEMOG 

1 ,00 

1 , 03 

1.08 

1.10 

1,13 

1.21 

2,1.2 

HEALTH STATUS 

,98 

1 , 06 

1.15 

1.25 

.89 

.80 

2,2.1 

CORRID LAND USE 

1,00 

• B0 

.67 

.69 

,67 

.67 

O T *5 

PROPERTY DAMAGE 

1 , 12 

1,12 

1 , 12 

1.12 

1,12 

1.12 

n o t 

tat 4 * f J 

NOISE LEVELS 

1,50 

1,50 

1,50 

1,50 

1.50 

1,50 

2,2.4 

VISIBILITY 

1.09 

1,09 

1.09 

1,09 

1,09 

1.09 

3.1.1 

EMPLOYMENT 

,92 

.92 

.92 

.92 

.92 

,92 

3.2.1 

FOSSIL FUELS 

1,05 

1,05 

1.05 

1.15 

1.15 

1.15 

3 , 3 . 1 

GROSS REG PROD 

,95 

.,95 

.95 

.95 

.95 

,95 

3.3,2 

INTER REG PROD 

,90 

.90 

.90 

,90 

.90 

.90 


YN/YJD RATIO FOR BASE CASE 




u w w w to ro ro ro ro ro w* 




1980 

1990 

2000 

2010 

2020 

YN2 







1.1,1 

PASSENGERS 

10,90 

15,20 

21.30 

35.00 

49.00 

1.1.2 

FREIGHT 

31 .00 

41,00 

55,00 

77.80 

108,00 

1.2.1 

INVESTMENT 

5.00 

7,80 

12, SO 

14.20 

18.50 

1.2.2 

OPERATING COSTS 

.60 

.80 

1.10 

2.08 

3,05 

1,2.3 

/SUBIDY 

“.20 

“ , 30 

“.40 

“.30 

".30 

1.3.1 

URBAN FACILITY-AIR 

51.00 

59,00 

69.00 

72.00 

84.0 0 

1.3.2 

URBAN FACILITY-RR 

.80 

.80 

.80 

.80 

.80 

1.3.3 

URBAN FACILITY-BUS 

.80 

.80 

.80 

.80 

.80 

1.3.4 

URBAN FAC. -ROAD 

2404.50 

3366 , 30 

4718.70 

5015.00 

7007.00 

2.1,1 

CORRIDOR DEMOG 

160.00 

165.00 

168.00 

16500 

155.00 

♦ JL « 

HEALTH STATUS 

444.00 

457,00 

472.00 

390.00 

330.00 

O It 1 

«-> 4 1 1 

CORRIB LAND USE 

1,50 

1,60 

2,04 

2,60 

3.30 

M 1 A. « 

PROPERTY DAMAGE 

254,00 

2-?-2 , 00 

230.00 

190.00 

160.00 

r> 2 X 

NOISE LEVELS 

133,20 

152.40 

168.90 

150.00 

140.00 

2,2.4 

VISIBILITY 

17.44 

15.91 

14.50 

11.61 

10.55 

3 . 1 .1 

EMPLOYMENT 

11.71 

13,34 

14,78 

16.22 

17.86 

3.2.1 

FOSSIL FUELS 

40.43 

53 . 97 

71.82 

90.70 

31,60 

3.3.1 

GROSS REG PROD 

140.00 

205.00 

286,00 

410.00 

567.00 

3.3.2 

INTERREG PROD 

83,70 

117.00 

161,10 

229.00 

326.00 


CASE RESULTS: NUMERATOR FOR TACV 


2030 


70.00 
136,70 

25 , 80 
4.26 
“.30 

98.00 
.80 
.80 

9778.00 

145.00 

300.00 

4.00 

150.00 

130.00 
9.59 

19.20 

11.00 

783.00 

465.00 



u u mh m rj to tj w w w w w to to *+ *-»■ 


I960 


Y >- 


1.1.1 

PASSENGERS 

. 85 

1 . 1 ,2 

FREIGHT 

.93 

1 . 2,1 

INVESTMENT 

1.04 

1 . 2.2 

OPERATING COSTS 

,75 

1.2.3 

/SUB I BY 

".33 

1.3.1 

URBAN FACILITY-AIR 

1.00 

1.3.2 

URBAN FACILITY-RR 

.60 

1.3,3 

URBAN FACILITY-BUS 

,80 

1.3.4 

URBAN FAC.-ROAB 

1.05 

k 1 1 . 1 

CORRIDOR BEMOG 

1.00 

O 1 *J 

*- * A * *- 

HEALTH STATUS 

.98 

*-» t 44 1 1 

CORRIB LAND USE 

1.00 

n n n 

Jm 1 a A. 

PROPERTY DAMAGE 

1.12 

o *} 

j£m t 4 h t (O 

NOISE LEVELS 

1.50 

n o U 

| 4» t 7 

VISIBILITY 

1,09 

3 « 1 + 1 

employment 

,96 

3.2.1 

FOSSIL FUELS 

1.05 

3.3,1 

GROSS REG PROD 

.97 

3.3.2 

INTERRED PROD 

.90 


YN/YD RATIO FOR TACV 


1990 

2000 

2010 

2020 

2030 

.85 

,85 

1.00 

1.00 

1.02 

.93 

.97 

1 . 00 

1,00 

1.00 

1.15 

1,32 

1 « 00 

1.00 

1.00 

.73 

.73 

.99 

1.05 

1.04 

".38 

" » 36 

".14 

".10 

".07 

1.00 

1.00 

.90 

,90 

.91 

.80 

.80 

.80 

,80 

,80 

.80 

; 80 

.80 

,80 

.80 

1.05 

1,05 

.80 

.80 

.80 

1.03 

1.08 

1.08 

1,03 

1.00 

1 . 06 

1.15 

1.00 

.89 

.84 

.8 *0 

,67 

.74 

.83 

.89 

1.1 ttm 

1.12 

.97 

.86 

.85 

1,50 

1.50 

1.21 

1.03 

.89 

1,09 

1.09 

.96 

.96 

.96 

.96 

.96 

.96 

.96 

.96 

1.05 

1.05 

1.00 

1,00 

1.00 

1.01 

1.01 

1.04 

1.03 

1,01 

.90 

.90 

.93 

,96 

1.00 






1980 

1990 

2000 

2010 

2020 

2030 

YN3 

1.1,1 

PASSENGERS 

10.90 

16,72 

23.43 

32,78 

45,76 

63,91 

1.1.2 

FREIGHT 

31.06 

40,00 

52,00 

72,35 

100 ,44 

127,13 

1.2.1 

INVESTMENT 

3.80 

5.40 

7.60 

10.60 

14.80 

20.60 

1.2,2 

OPERATING COSTS 

.60 

.84 

1.16 

1,68 

1.68 

2.31 

1 .2.3 

/SUBIDY 

".20 

".32 

" . 42 

".53 

“.84 

“1.16 

1.3,1 

URBAN FACILITY-AIR 

51,00 

59,00 

69,00 

80,00 

93.00 

108.00 

1.3,2 

URBAN FACILITY-RR 

.80 

.90 

.90 

,90 

.90 

.90 

1.3.3 

URBAN FACILITY-BUS 

,80 

.80 

.80 

.80 

.80 

,80 

1,3,4 

URBAN FAC, -ROAD 

2404.50 

3029.67 

4246.83 

5924,16 

8277,21 

11550.69 

2.1.1 

CORRIDOR DEMOB 

160.00 

165. 00 

163.00 

162.00 

160,00 

159.00 

2,1.2 

HEALTH STATUS 

444,00 

411,30 

424.80 

437,40 

297.00 

256,50 

2.2,1 

CORRIB LAND USE 

1,50 

1,60 

2.20 

2.64 

2,97 

3.30 

o o O 

Sm t 

PROPERTY DAMAGE 

254.24 

217.73 

206.64 

196,56 

187,49 

178.42 

2.2.3 

NOISE LEVELS 

133,20 

137,16 

152 . 0 1 

166,95 

183.60 

197.37 

2,2.4 

VISIBILITY 

17 . 44 

15,12 

13,77 
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APPENDIX D 


BACKGROUND CONCEPTS UNDERLYING THE ECONERGY METHODOLOGY 

This appendix contains five sections, orglnally envisioned to follow 
Chapter 2 of the report. However, the material, while providing important 
background, does not relate directly to the logical development and pre- 
sentation of the ECONERGY methodology. 

Section D.l, Historical Perspective, provides an overall perspective of 
U.S. transportation - its evolution and its present status. Section D.2. 
national Transportation Goals, represents the frame of reference from 
which Intercity transportation systems need be studied. It provides a 
philosophical basis for projecting a long-term socio-economic environment 
into which all future transportation systems must be embedded. In particu- 
lar, two futures, both based on eventual successful futures are discussed. 
These are the steady but modest economic growth case and an energy con- 
strained case. The latter might well be a plausible future if liquid 
fuels for transportation were to become critical. 

Section D.3, Economic Considerations > introduces very important economic 
concepts. In particular, a new approach to discounting is suggested. 
However, this new approach was not utilized in the example case used for 
demonstrating the methodology. Its use should be considered in the Phase 
II because it reveals time-effect sensitivities that conventional approaches 
fail to show. 

Section D.4, Societal Considerations , is an attempt to place social issues 
into context with economic issues. Section D. 5, Technological Potentials 
for the Year 2030 , represents a brief overview of the technological poten- 
tials which will be Influencing possible future transportation developments. 

D.l Hlstcrical Perspective 

While transportation will develop In response to social and economic 
needs, it also shapes the character of a society and underpins its 
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economic development. Massive U.S. development in the nineteenth cen- 
tury was made possible by exploiting natural waterways, building a huge 
system of canals and expanding railroads Into the West. Selection of 
transport modes and choice of routes determined which regions would be 
favored and which economic activities would prosper. 

The automobile, In the early twentieth century, increased mobility of 
people but did little to alter patterns of freight movement until a 
sufficiently large highway network, demanded by motorists, made truck- 
ing economical. Truck transportation received a major boost with the 
introduction of the interstate highway network financed through the 
Highway Trust Fund initiated in 1956. A great deal of this truck freight- 
ing occurred at the expense of the railroad. 

The railroad, which by 1920 accounted for nearly 98% of intercity travel, 
lost all but a 15% share of the intercity passenger travel market to the 
highway in the brief period of 20 years before World War II. Air 
transport, which was barely started as a viable system before World War II, 
emerged in the last 30 years as a significant component of the passenger 
transportation system, accounting for more than 10% of all intercity 
passenger-kilometers. 

In retrospect, phenomenal changes in transportation since World War I 
came about with the transition of the U.S. from an agrarian to an 
industrial economy. With agriculture now employing scarcely 4% of the 
labor force, and still maintaining the U.S. as the world’s greatest 
agricultural producer, agriculture- related ransport must stablize to 
match the general economic growth. Industrial activity also has reached 
its peak, relative to the general level of economic activity, and has 
actually begun to decline as a percentage of GNP. The growing sector 
now consists of services, based to a great extent in t‘.ie information 
sciences. It would be difficult, therefore, to envision another major 
economic change comparable to those of the first half of the century 
which would create the need for still another revolution in transportation 
within the next 50 years. 
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There may be one force for change which, while not altering the basic 
character of transportation, will affect transportation technology and 
Its relative economics. Transportation has developed on an energy base 
of liquid fuels. While liquids may continue to fuel transportation, 
their source must change dramatically and the relative structure of 
prices can be expected to alter. Thus, the relative cost of energy for 
transportation will also change. During the long period when (real) 
petroleum prices were declining, the energy intensity of transportation 
within each mode was also declining. As a result, the relative energy 
cost had been in a long-term downward trend. With a four- fold increase 
in petroleum prices in 1974, the relative cost of energy in trans- 
portation reverted to what it had been twenty or thirty years earlier. 

At present, transportation, including both direct and indirect expend- 
itures, accounts for 2055 of the 6NP divided about equally between freight 
and passengers. Transportation currently accounts for 2635 of total 
U.S. energy consumption and 55% of petroleum consumption. The break- 
down of Transportation components is illustrated in Tables D.l and 
D.1.2. 

D.2 National Transportation Goals 

The framework for comparing proposed new intercity transportation sys- 
tems must necessarily be structured in such a way that specific deci- 
sions conform with regional and local goals, consider regional and local 
economic and social impacts, and satisfy needs for forecasted traffic 
demands on particular route segments. On the other handball transpor- 
tation linkages ultimately become components of an overall national 
transportation system which will evolve in a manner compatible with the 
general socio-economic environment. How the national transportation 
system grows, adapts and changes over time will be influenced by many 
things, not the least of which could be national aspirations for conve- 
niences in transportation, compatible with some perceived level of afflu- 
ence and related life style. 
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( 1 ) 

Railroads 


Motor Vehicles I In I and Waterways I Oil Pipelines 



Total 

Volume I Volume \% of Tot I Volume \% of Tot| Volume 1% of Totl Volume \% of Totl Vo June \% of Tot 


1975 2,080 757 36.4 488 23.5 343 I 16.5 488 


1970 1,936 771 


39.8 I 412 


21.3 I 319 


1965 1,651 721 | 43.7 359 I 21.8 262 


16.5 431 


15.9 306 


i960 1,330 595 44.7 285 21.5 220 16.6 229 
1955 1,298 655 50.4 223 17.2 217 16.7 203 
1950 1,094 628 57.4 173 15.8 163 14.9 129 



(1) Includes electric railways, express and mail. 

(2) Includes Sreat Lakes, Alaska for all years and Hawaii since 1960. 

(3) Domestic revenue service only, includes express, mail and excess 
baggage. 

* Less than 50 million ton-miles, or less tnan 0.05%. 


Table D. 1.1 -Volume of Domestic Intercity Freight Traffic 
By Type of Transport: 1950-1975 ( in Billions of Ton-Miles Except %) 
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While decisions to Invest in individual components of specific trans- 
portation modes may be made from the localized perspective of rela- 
tively short-term profitability criteria, the future system must be 
viewed as a long-term development. Thus, societal transportation alter- 
natives must be evaluated within a framework of long-term socio-economic 
predictions even where specific decisions are short-term. At the 
same time, it must be recognized that transportation policy will, in 
turn, shape the future character of the economy. Thus, prediction of 
an economic future will not be independent of the type of transportation 
we, as a nation, decide to develop. On the other hand, the effects of 
such feedback are so complex that, at least Initially, it may be neces- 
sary to assume independence of feedback effects and therefore to assume 
that the transportation policies, whatever they turn out to be, are 
compatible with the projected economic growth of the nation. 

While it is evident that such evolution will take place as a result of 
a very large number of individual decisions, these decisions will be 
influenced by other policy decisions made at the societal or govern- 
mental level. For example, the decision for the people of California to 
fund a new, high speed rail system will be conditioned by the kinds of 
federally funded R&D programs which will make such a system possible. 

D.2,1 The Long Term Socio-Economic Environment 

By its very nature, prediction of future events is a risky exercise. 
Nevertheless, all investment decisions to undertake a new transportation 
system must be predicated on some idea of how the future will unfold. 
This, in t;rn, must be coupled with an expression of confidence that 
the proposed system will prove to be economically and socially viable. 
Furthermore, a go-ahead decision on a new system takes on the charac- 
tensities of a self-fulfilling prediction in that there is an implied 
commitment to make the program successful in spite of unforeseen or 
unforeseeable obstacles which must be overcome. Traditionally, invest- 
ments in the individual components of a system are based on relatively 
short-term forecasts of specific benefits and costs which usually 
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assume* either explicitly or Implicitly, a constant economic environ- 
ment over that time period. Thus, an individual may invest In an auto- 
mobile by planning ahead for only three or four years; an airline will 
buy a new model airplane with perhaps a 10-year or 12-year perspective 
and have confidence that the new model will continue to be competitive 
for perhaps twice that time. In neither case is there a need to consider 
what future or follow-on Investments will be required. The airline 
will ad to its fleet only as demand grows. On the other hand, the 
decision to develop a new technology for, say, a high-speed rail sys- 
tem requires a decision to invest in a whole new infrastructure to antic- 
ipate how the system may operate in the very long-term. However, the 
expansion of rolling stock for the railway will be Incremental, made 
only as the demand grows. These questions indicate a need to examine 
in depth the long-term prediction problem. 

0,2.1. 1 The Prediction Problem 

Conventional methods for evaluating proposed transportation systems 
have started with traffic demand A fbvasa&t represents an 

extrapolation from past data into the future (Brown, 1962). The more 
precisely and completely the future system is described, the wider will 
be its ultimate divergence from the forecast state as the futurity of 
the forecast is extended. This divergence expands exponentially with 
time, Figure 0.2.1. Furthermore, if one expects to reach some level of 
system performance, this level will presumably be reached, but the vari- 
ance for the point in time at which the target performance Is reached 
may be many times greater than the variance of the estimate itself. 

This spread in estimates with futurity means that for each forecast 
there will be some time beyond which the variance becomes too excessive 
for expected outcomes to be meaningful in decision-making. Thus, one 
can only broadly specify the system performance being forecast if a 
long-term forecast is desired. Otherwise, specific estimates must be 
limited to a short-term planning horizon over which the variance in fore- 
casts 1$ reasonably small. 


- 151 - 


System State 



Uncertainty 
Range for 
Forecast 


Figure D, 2,1 -Forecast Divergence 
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A prediction as differentiated from a forecast* which Is an extrap- 
olation, Is a pre-statement of the future. A prediction includes the 
forecast, with the addition of conditional judgments of Influencing 
factors which serve to restrict the variance of future outcomes to 
fall within some reasonable range, thereby providing some Insights 
into the future course of events. 

A fifty year span may be a relatively short time to plan for new trans- 
portation systems which will require many years to develop and grow to 
a scale that is viable in competition with existing systems. This is 
far too long a time for forecasting any transportation system growth. 
Therefore, a prediction methodology rather than a more limited fore- 
casting technique becomes an essential part of establishing a method- 
ological framework. 

Fifty years may be the limit of our forecasting ability to establish a 
meaningful range of economic conditions and even this forecast is only 
feasible provided these economic conditions are described quite broadly. 
In other words, we might be comfortable in extrapolating real GNP to 
the year 2030, for instance, by simply assuming that the historic growth 
rate of the past century, amounting to 3.43 per year, will continue 
indefinitely. However, we are on shakey oround if we extrapolate the 
composition of GNP by sector or geographical distribution. We can, how- 
ever, predict what the distribution might be by introducing a number of 
conditional assumptions which each reader could, himself, assess for 
reasonableness. With such an approach, some idea may then be obtained 
for predicting the future transportation system. This predicted sys- 
tem may then be taken as the national aspiration for the long-term 
transportation system. 


Caution must be exercised even here to keep the description of the 
transportation aspiration sufficiently broad that, within the variance 
of encompassing forecasts, they provide a meaningful frame of reference. 

At the same time, the description must be sufficiently detailed to provide 
a focus for planning intermediate stages of transportation development 
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along with needed R&D policies for achieving the goal. 

In effect^ the methodology calls for designing a Way to proceed from 
the system as it exists at the present to a fairly broadly described 
new transportation system over a long-run future. 

0.2. 1.2 Planning for Success 

The predicted socio-economic future should be based on realistic 
assumptions which, on the whole, are optimistic. It is always pos- 
sible to develop a set of plausible scenarios resulting in pessimistic 
outcomes at one extrme and overly optimistic outcomes at the other. 
However, we are attempting to establish a goal or aspiration which 
people in general would agree is desirable. These are always in the 
nature of self-fulfilling predictions which lead to decisions for 
success. While failure and digressions from the plan can and do occur. 

It is the achievable objective which should form the basis for planning. 
This is not to imply that contingency planning is unnecessary but 
rather to point out that extremely pessimistic long-term scenarios do 
not furnish a useful basis for describing the aspiration transportation 
system. 

A range of futures may nevertheless be desirable. However, it is not 
the purpose of Phase I to do more than illustrate the technique. There- 
fore, in addition to the 3.4£ steady growth case, only one other case 
will be reviewed. This second case calls for a prolonged interruption 
of economic growth. 

It is felt there is the real possiblity of a major shortfall of energy 
for a period of some years during the 1980s and possibly extending into 
the 1990s. Under such circumstances, a prolonged interruption of eco- 
nomic growth might very well occur. While the optimistic outcome calls 
for a resumption in economic growth, such an interruption would probably 
impact social attitudes in such a way as to alter perceived transportation 
values seriously. Furthermore, the nation, in coming out of such a 
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depression, would be doing so with a significantly altered Institutionalism 
and a significantly changed relative price set. 

0.2. 1.3 Depicting the World of 2030 

While the aspiration approach has been suggested above, it should be 
emphasized that ECONERGY does not purport to make depictions of desir- 
able futures except as “for Instances," Actual Implementation of the 
method! ogy could utilize the opinions of experts. Furthermore, a con- 
sumer survey is not a practical mechanism for accomplishing this task 
because people tend to judge their own future values in relation to 
their own current circumstances. While they might extrapolate, they 
don't, in general, have the ability to predict how they might feel 
about various values if their own circumstances should turn out to be 
materially different from those with which they are familiar. Further- 
more, individual values are influenced to a great extent by the common 
views of others, A herd instinct will tend to take hold; there will 
be a "keeping up with the Joneses" syndrome. Therefore, there might 
be some assessment by sociologists of what kinds of future values people 
may come to hold. 

D.2.2 The Base Case - Steady Economic Growth 

Given that the average national economic growth of 3.4%, characteristic 
of this century, continues into the foreseeable future, then the fore- 
cast of total economic activity, as measured by GNP, will climb to about 
$7.5 trillion (1972 dollars) by 2030. There may be some question about 
population growth over this interval. Clearly, there has been a dramatic 
slowing of the birth rate in recent years. However, birth rates do 
fluctuate, partly reflecting changing social attitudes. The U.S. Bureau 
of the Census projects that if fertility rates approach replacement 
levels of 2100 births per 1,000 women and if there is a slight drop in 
the mortality rate and annual net immigration continues at 400,000, 
then U.S. population will reach 300 million in 2030. Thus, population 
level is considered by the Census Bureau to be the middle projection 
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bracketed by higher and lower projections. A population of 300 million by 
2030 implies an average annual growth rate of 0.69J. This would mean a 
per capita GNP of $25,000 (in 1972 dollars) or about five times the pres- 
ent value. The question now is how much of this increased affluence is 
likely to be allocated to transportation and, in particular, to intercity 
transportation. If past trends of urban growth continue; if the ratios 
of business versus pleasure travel were to remain the same; if the same 
logistic system for distribution of goods holds true; then it would be a 
simple matter to predict that transportation expenditures will grow in 
phase with GNP. ^his may be a reasonable first approximation. Figure 
0.2.2 shows how proportionate spending for transportation grew from the 
time the automobile was introduced in 1909 until World War II. Since 
then, it has remained essentially constant at about 13 percent. On the 
other hand, the composition of transportation has changed. The ratio of 
intercity to urban transport has altered significantly. The ratio of 
freight to passenger expenditures had remained essentially constant at 
approximately one to one with the total cost of transportation represent- 
ing almost a constant 203 of GNP (Transportation Association of America, 
1977). 

While these ratios have been constant over the post WWII time period, 
this was not always so. Increasing proportions of spending on trans- 
portation came about as we transitioned from an agrarian to an indus- 
trial based economy. Thus, these constant ratios may be representative 
of a mature industrial society. If the next transition in the economy 
is from an industrial to a service economy, the percent of GNP for 
transportation might well decline for freight and increase for pas- 
sengers (i e. , tourism). 

The surge in an increased spending ratio for intercity transportation 
after World War II may have occurred because of the increased con- 
venience and speed of air travel. People might well have been willing 
to spend a larger portion of their incomes for travel before that time 
if transportation service had provided a higher utility for them. Thus, 
in formulating a plausible transportation aspiration for 2030, some 
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YEAR 


Figure D. 2, 2 -Percent Personal Consumption 
Spent for Transportation 
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judgment must be made as to how the extra transportation spending will be 
allocated to more passenger miles versus more comfort, convenience, speed, 
etc. 

Because we are describing an aspiration for a 50-year future, it will 
not pay to become too precise in describing what the transportation 
situation will be nor what the trade-offs between speed and other 
values will be. It may be sufficient to hypothesize such conditions 
as: 

1, Passenger-kilometers per dollar of GNP will remain constant, 
as it has in the recent past (1960-1975), after introduction 
of jet travel. The urban/non-urban split will remain the 
same. 

2. Agriculture (now 4? of GNP) and manufacturing (now about 207. 
of GNP) which together dominate demand for freight, will 
together decline to 18% of GNP, If freight costs maintain 
the same proportion to other costs, this will mean 7,5% of 
GNP will be spent for freight transport. 

3, Capital costs for transportation will rise from 15% of total 
capital cost to 18% of total capital cost, or say 3.3% of GNP. 

4. Comfort, speed and safety will improve by some unspecified 
amount as dictated by physical constraints rather than by 
cost. 

With these assumptions, the amount of travel and freight which must be 
accomodated 50 years hence is shown in table D.2.1. 

With the national transportation aspiration described in terms of 
magnitudes of travel and freight to be accomodated, it then becomes 
necessary to allocate this transportation load to regions. Changing 
population patterns, income levels, characteristics of commerce, etc., 
of each region with its network linkages provides a means for deter- 
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Transportation Attribute 

1950 

1955 

1960 

1965 

1970 

1975 

U.S, Passenger-Kilometers 
(Billions) 

813 

1,146 

1,254 

1,472 

1,896 

2,096 

U.S. Tonne- Kilometers 
(Billions) 

1,925 

2,284 

2,341 

2,906 

3,407 

3,661 

GNP (1972 Dollars -Bill ions) 

534 

655 

737 

926 

1,075 

1,192 

U.S. Passenger-Kilometers/ 
$GNP 

1.52 

1,75 

1.70 

1.59 

1.76 

1,76 

U.S. Tonne-Kilometers/ 
$GNP 

3.60 

3.49 

3.18 

3.14 

3.17 

3.07 


(a) Historic 


Transportation Attribute 

1980 

1990 

2000 

2010 

2020 

2030 

U.S, Passenger-Kilometers 
(Billions) 

2,480 

3,464 

4,840 

6,763 

9,447 

13,196 

U.S. Tonne-Kilometers 
(Billions) 

4,310 

5,720 

7,560 

10,100 

13,300 

17,700 

GNP (1972 Dollars-Billions) 

1,409 

1,968 

2,750 

3,842 

5,367 

7,497 


(h) Projections 


Table D, 2. 1 -Transportation Levels of Service 
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mining actual transportation demands for 2030 by specific corridors. 

This Is Illustrated in the example case for the Los Angeles/San Fran- 
cisco corridor. 

The next question to examine is the kind of technologies that could 
be developed to meet a long-run level of demand. In some cases, such 
an exercise might reveal that the implied volume of traffic is simply 
not physically realizable. In other cases, it will show the scale of 
revision for the transportation system which must be made. It will 
also demonstrate when R&D programs must be Initiated. This question 
Is addressed in Chapter 10. 

D.2.3 The Resource-Constrained Case 

Various studies such as the WAES study of MIT have indicated a major 
energy shortfall developing on a world-wide scale sometime during the 
mid 1980s. This will be largely due to a petroleum shortage and, as 
such, is likely to impact transportation more severly than other com- 
ponents of the economy. A UCLA study (English and Liu, 1977} devel- 
ops a plausible scenario based on this shortfall occurring but it also 
includes the assumption that we will adapt successfully and devise 
suitable alternatives. These alternatives will include development of 
synthetic hydrocarbon fuels. Nevertheless, the higher relative fuel 
cost will probably bring about a major change in the values which we 
place on transportation. The technical options chosen will tend to 
favor less energy-intensive modes rather than more energy-intensive 
modes. The changing relative cost of freight transportation will influ- 
ence trends in location of production facilities in order to reduce 
overall transport. The effect may be to induce a move towards some 
decentralization of industry. 

The probability of such a resource-constrained future could be quite high. 
The work required to develop a plausible transportation aspiration com- 
patible with it, however, is beyond the scope of the present study. Never 
the! ess, It is important for an intercity transportation evaluation 
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methodology to be able to reflect different anticipations of long-range 
futures. It should also be recognized that transportation systems them- 
selves help condition the future. For example, urban decentralization 
tends to result after the introduction of a major transportation system 
In a sparsely populated area. The ECQNERGY comparison methodology does 
provide a mechanism for evaluating the effects of different long-range 
futures on transportation planning. 

D.3 Economic Considerations 

A number of important economic questions will be discussed in this 
section. While not an exhaustive set of questions, they raise the 
most important issues which bear on application of the comparison 
methodology. 

0.3.1 Long-Term Investments in Transportation Systems 

Incremental investment decisions necessarily are short-term. They all 
have the same characteristic pattern of an initial net expenditure 
stream (investment phase) followed by a larger net benefit stream 
(return) as shown in Figure D.3.1. 



Figure D.3.1 - Typical Project Cash Flow 
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The justification for each Investment, whether that of a personal auto- 
mobile with its short Investment/payback cycle, or a new fixed guideway 
public system with its relatively long investment/ payback cycle, is 
that expected return flow exceeds investment flow. When the national 
transportation system is financing its own growth by reinvesting the 
entire return flows in expansion of new transportation, then the total 
cost of transportation will grow exponentially, Curve A of Figure 0.3.2. 
If a change In the pattern of the cycle were to occur, as would be the 
case In shifting the emphasis in transportation from the short-run cycle 
of automobile systems to fixed guideway systems, a shift from Curve A 
of Figure 0,3.2 to Curve B of Figure D.3.2 would produce a bulge in the 
cost of transportation. The extra investment represented by the shaded 
area between Curves A & B and as shown by English and Smith, 1977, is 
the societal investment needed to change curves from the evolutionary 
growth patter of A to the new path B. The economic justification of 
such a shift in emphasis is that the discounted value of the differences 
over a more-or-less indefinite future is positive. Even if the cross- 
over point does not occur until sometime in the next century, the dis- 
counted value of the net benefit/cost flows can be positive, simply 
because of a favorable difference between the relative growth rates and 
the discount rates. 

D.3.2 Energy Limitation as a Driving Force for Change 

The transportation sector has been fueled by petroleum which currently 
accounts for about one third of the direct operating cost (DOC) of 
transportation. This breaks down into about 30* for automobiles, 40$ 
for airplanes, 12* for trains and 33* for trucks. The fourfold increase 
in world oil prices in 1974 changed the pricing structure of transpor- 
tation dramatically but the U.S. transportation sector has been sheltered 
from much of the effect as result of indirect subsidies. For example, 
U.S. airlines show 38* of DOC for fuel as contrasted with international 
lines which have fuel costs of 50% of DOC. The relative price of liquid 
fuels must rise within the next twenty years with the result that fuel 
costs will continue to represent a rising share of transportation costs. 
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$/Year 



Figure 0.3.2 -Long Term Cash Flow for Transportation 
Investment Alternatives 
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The effect of rising energy prices will have other impacts on trans- 
portation. Transportation now accounts for slightly more than 25% of 
total U.S. energy consumption for propulsion alone. However, about 20% 
of total energy use in transportation Is consumed in Industrial proces- 
ses required for building transportation equipment. The altered rela- 
tive price of energy as well as the need for alternative sources of sup- 
ply will force changes in the characteristics of transportation. These 
changes will take time, but they are inevitable. They will be reflected 
in design of lighter vehicles, reduced performance, and longer- lived 
equipment. However* as people adjust their life-styles to reflect their 
own value adjustments, the modal splits will also alter. Aside from these 
altered patterns of transportation, the major impact might well be reduc- 
tion in the proportion of GNP spent on transportation. In this case, 
freight transportation might be altered to accomodate the changed eco- 
nomics of plant locations required to balance material sources and 
market outlets. These are all long-term effects which must be taken 
into account In developing a plausible aspiration for long-term future 
transportation systems. 

D.3.3 Finance and Subsidy 

As will be emphasized in Section D.3.4.1, finance relates to the question 
of the kow of the payment for goods and services. It is usually considered 
in the context of capital expenditures which separate* in time, payment 
for providing the cability to furnish the service and the realization of 
the actual benefits from the service. Capital which is financed by debt 
is usually required to be paid back over some fixed time period at a 
specified interest rate. Prorating such expense over a given time span 
establishes a scale of fares or freight rates required to cover "debt 
service". However, such rates are predicated on allocating all of the 
costs of each component system to users in proportion to their use of 
the system. Rates or fares computed in this manner may tend to be over- 
stated to the extent that some part of the investment contributes to the 
later success of follow-on Investments, In other words, fares are based 
more on allocation of financing than on true economic cost. 
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Subsidies for capital expenditure, on the other hand, may have the 
opposite effect of causing an understating of true economic costs. In 
turn, depending on how subsidies are established, whether to cover 
capital costs or operating costs, they will be reflected in an adjusted 
fare structure. 

It is true that certain aspects of transportation may properly be 
regarded as public goods. As such, Incremental use of the public com- 
ponent is a free good (i.e. , zero shadow price) as long as the sys- 
tem operates below capacity. Nevertheless, while the public must 
pay collectively for use of the system, the individual’s decision to 
utilize the service is strongly Influenced by his personal payment for 
it. Thus, subsidies on the one hand and taxes on the other have a 
great influence on demand for the service and are instruments for effect- 
ing policies for encouraging one mode at the expense of another. 

D. 3.4 The Discounting Principle 

An important characteristic of the ECONERGY methodology which distin- 
guishes it from all previously developed approaches for transportation 
planning, is the emphasis on the very long-term. This requires special 
understanding of the fundamental concepts underlying discounting pro- 
cedures. Such procedures, now commonly called discounted sash flow 
(DCF) when applied to the private sector, or benefit/cos* analysis when 
used in the public domain, are very often used incorrectly and are viewed, 
almost universally, in an over-simplistic way. The kinds of errors made 
and the reasons they turn up in investment decision-making need to be 
reviewed in order to establish a fresh viewpoint for the discounting 
technique proposed by ECONERGY. 

D.3,4.1 Economic Justification Versus Financial Feasibility 

There is an important distinction between economic justification and 
financial feasibility. Failure to recognize this difference often 
results in erroneous analysis. This error is prevalent in transpor- 
ts- 


ation studies. That it occurs is evident from a misdirected emphasis 
on bond issues that appears in most transportation studies. In the 
minds of many, these two types of analyses are the same thing. But in 
point of fact, they address completely different problems. An economic 
analysis is made for the purpose of answering the question: what trans- 

portation system is the most economical alternative by comparision with 
all others? On the other hand, a financial analysis is made for the 
purpose of answering the question: Given the best choice of transportation 

system, how is the cash flow to be managed for implementing that parti- 
cular system? The distinction is between what in terms of economics and 
how in terms of financing. This confusion is evident even in the naming 
of the two methods for project evaluation: the so-called utility financing 

and the equity financing method. As evidenced by their names, these 
methods, although presented as a means for economic evaluation, are 
essentially /tm^os-oriented. In effect, there is an implicit assumption 
that any project is good but the real question is which is the easiest 
one to finance. 

D.3.4.2 Life Cycle Cost 

It is appealing to evaluate a proposed new transportation system over 
a time-period which may be defined as its life cycle. This life cycle 
is conceptualized as being the physical life of the hardware components 
of which the system is comprised. However, what is usually done in 
practice is to define a planning period corresponding with the conven- 
tional financing cycle of the equipment to be purchased. This leads to 
a cut-off time beyond which no further costs or benefits are considered. 
Such a cut-off is then held to be justifiable because the discounted 
values beyond the cut-off time tend to be insignificantly small. 

Actually, there can be no unique life cycle for a proposed new trans- 
portation system. If the decision to proceed with the new system 
proves to be unsound, it may be abandoned long before the end of any 
physical life. If, on the other hand, it is viable, the system will 
grow and expand for an indefinite time. However, its components wear 
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out, break down or become obsolete over a spectrum of physical or 
economic life cycles. Consider an airline, for example. The pro- 
curement of a new airplane model may be predicated on a physical life of, 
for instance, eighteen years. However, a number of things may dictate 
that the model type could be serviceable for many fewer or many more 
years than eighteen. If within eighteen years, the new model proves 
to be an economical component of the airline network, over those years 
many more airplanes of the same model will have been purchased. There- 
fore, the fleet will be comprised of aircraft with a mix of ages. If 
the model should then become obsolete by a technological advance in, 
perhaps 22 years, the entire fleet must be replaced when some airplanes 
in the fleet will be almost new. The present Boeing 707 is representa- 
tive of such a case, while the Douglas DC 7 was obsoleted less than 
10 years after it was introduced into service. 

Physical wear and tear and technical obsolenscence are only two con- 
siderations in the determination of a life cycle. Capacity limits 
may be another. When growth In demand reaches the capacity limits of 
equipment, new identical units may be added but alternatively it may 
then pay to replace existing equipment with new larger equipment. For 
example, individiual airplane types may reach load capacity limits, but, 
while added flights using identical equipment might take care of the 
problem for a time, larger units to replace the existing equipment 
might prove more economical. Furthermore, replacement of the smaller 
equipment by larger units could be dictated by capacity limits of air 
terminals in terms of flights/day. This tendency for growth to over- 
take capacity produces accelerations of component life cycles. Thus, if 
there is a useful concept of a discernible life cycle, it clearly is 
growth-rate dependent. The concern for identifying the life cycle may be 
counter-productive in one other way. It leads to a view of independence 
of the system when In fact each new project is an interactive component 
of a growing time-interdependent system. 
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0.3. 4, 3 Interdependencies 


Conventional economic evaluation techniques are largely based on 
implicit assumptions of independence. The origion of this tendency may 
lie in the focusing of financial feasibility rather than on economic 
evaluation. Each proposed system clearly has a fixed capacity limit 
which, when reached, constrains the outputs to a constant output for the 
life of that system. However, if an initiating project proves successful, 
other expanded and improved systems will be required as time unfolds. 

The complete system includes not only the complementary components to 
make it immediately serviceable, but also succeeding replications and 
expansions into a very long-run future. Thus, from the systems view- 
point, the net cash flow (i.e, , benefit flow), including allowance for 
capital spending, will always be exponential beyond some planning horizon 
(Section D. 2). See Figure D.3.3. 

Clearly, the exponential growth must level off at such time as the 
system saturates. However, this will generally be a very long time 
in the future. 

Even with the use of conventional discounting and relatively high 
discount rates, the net present value for a time scale of as much as 
50 or 100 years can be significantly large. Therefore, contrary to 
accepted practice, discounted values beyond 20 years ai> e noz insignifi- 
cant but can, in fact, be far more significant than the discounted values 
of the first 20 years. This is so because the conventional discount 
function in continuous form is an exponential, e where r is the 
discount rate. If the benefit flow stream is growing at an exponential 
rate g, then the sensitive parameter is g-r. If this parameter is 
positive, the system's present value can approach an arbitrarily large 
number. 

0.3. 4. 4 Economic Measures 

Economic measures are stated in terms of monetary values — dollars. 
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Figure D. 3. 3 “Typical Cash Flow Stream for a 
New Transportation System 
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That dollar measures do not capture all values of concern is obvious 
and Is the reason why it Is necessary to structure the evaluation 
framework in terms of variables other than economic measures. It is 
worth considering why one set of variables can be readily aggregated 
into dollar values while others, such as noise, safety, aesthetics 
cannot. 

Fundamentally, money is a reference value measure where large numbers 
of trades are being made, so that a statistical average of all trades 
for a given good establishes its average value in a market. Thus, 
relative prices of all goods being traded are statisitcal measures of 
relative value in current time. If no market exists, as is the case for 
most externalities, then the only way to establish a value in monetary 
terms is either to impute it, or to develop a proxy for an exchange 
value based on estimates of willingness to pay if a market does, indeed, 
exist. In many cases, such as for the comparison variables, it is a 
more feasible approach to proceed directly with the value analysis as 
discussed in Chapter 4. The point of this discussion is to emphasize 
that economic value expressed in dollars is only a way of aggregating a 
large number of physical variables for which prices are determined 
through the voting mechanism of the market. 

It should also be clear from this that the values of only those goods 
flowing through the market in current time can be so aggregated. Except 
for a very limited futures market, which is essential short-term, the 
prospective future flows of goods and services cannot be priced by 
the market. The best that can be done is to estimate what relative 
values will be in the future, when they actually are priced by the 
market. Thus all long-term relative values suffer in the same way, 
in that there can be no market pricing system and thus values must be 
Imputed whether for tangibles such as pounds of aluminum, gallons of 
gasoline and the like or for intangibles such as noise. In general* 
the kinds of goods which are priced in the market currently will be 
those for which future imputed prices are more readily estimated, and 
which are therefore usually treated as if they were market-determined 
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and so are aggregated accordingly. However, as shown, the values of 
such Imputed dollar amounts are not the same as present prices. 

Imputed future prices are on the same monetary scale as at present but 
do not Incoroporate any measure associated with the utility of time. 

D.3.4,5 Opportunity Cost Versus Time Preference 

Investments in new transportation systems, as for any Investment, 
require foregoing use of certain present resources for the prospect 
of recovering them - or their equivalent - plus a premium over some 
future time frame. Two considerations come Into play in making the 
decision. First, the opportunity, which is exogenous to the decision- 
maker, is determined by physical and technical variables in such a way 
that the resources invested, such as labor, materials, energy and 
other less tangible imputs are returned as a later flow of some other 
mix of service, transformed materials, energy and other less tangible 
inputs. Not only are the amounts of such resources prescribed by the 
characteristics of the opportunity but so also is the shape of their 
flows as shown in Figure D.3.1 

The second characteristic for the decision-maker to consider is the 
measure of worth or utility of the alternative opportunities to be com 
pared. This may be illustrated by Figure 0.3,4, 
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The opportunity may be exemplified by a point return of resource y 
at t (point A above) for an investment of y Q at t~0. The investor 
will be satisfied if, when he factors y by a discounted factor D(t), 
y-D{t)>y Q . 

He will be Indifferent at a point where 
y-D(t) * y Q . 


The factor D(t) completely captures the measure of this utility for 
the prospect of y(t). This depends on time as well as on how strongly 
he feels about the prospective gain. Conventionally, as developed by 
Fisher (1930), the discount function has been taken to be 
D(t) * 


1 


(Ur)' 


Fisher based his argument for using the above equation as the discount 
function on the equating of the time-reference for consumption with 
the opportunity for a return. This principle cannot be disputed, but 
the way in which time-preference changes with time may well be accord- 
ing to some other relation than a constant rate, r. Two separate but 
related arguments have been suggested for a more appropriate discount 
function (Lifson, 1976 and English, 1976, 1978). A further extentien 
by English, "A Question on the Validity of the Discount Function", is 
currently in preparation for publication. 


The essence of English's argument is that while the market may establish 
the ratio of a future to a present value for the next time-increment 
at (1+r), this may be more or less constant with time as perceived, 
but time is not perceived with respect to the present an a linear 
scale. It may be logarithmic as for all other human sense perceptions. 
On the basis of a perceptual scale for time as the log of time, the 
conventional discount function transforms into one which discounts 
longer term values less severely and therefore provides a significant 
present worth for cash flows which will be generated in the very long 
run. Such a discount function might be called a discount function 
based in 'perceptual time . 
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It may be shown for perceptual time of r * ^ ln(l+bt) 

where t Is perceptual time, t Is real time, and b a scaling parameter, 

that 

D{t) * (l+bt)“ r/b . 

A discount function Incorporating this concept and utilizing a 1051 
value for r and a 0.2 value for b is shown In Figure 0.3, 5, Conventional 
discount functions of 10ft and 4% are shown for comparison. 

The discount function developed above applies to economic measures in a 
way which satisfies Fisher's criterion of equating opportunity with 
time- preference. However, to extend the concept of discounting to 
other than economic measures such as health status or environmental 
quality requires further review. 

D.3.4.6 Discounting of Other Than Economic Values 

The discount factor applied to future measures of worth (utility) con- 
verts the utility to the present utility of that prospect. The basic 
notion is a time- preference idea and is no different in principle from 
other utilities (developed in Chapter 6). A comparison can be made of 
alternative transportation systems by comparing the utilities of all of 
the available opportunities (i.e,, alternative systems). The approach 
to discounting used by Lifson (1976) is based precisely on this concept 
of comparing utilities. 

Any discount function based on equating opportunity with time preference 
has in effect incorporated a reference or base-line opportunity into 
the comparison. In conventional discounting, the discount rats is iden- 
tified as being the . opportunity ef wpi tel. This means that 
there is an assumed reference opportunity with which capital investments 
may always be compared implicitly. 
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Discount Factor 



Figure D. 3.5 -Discount Factor for Perceptual Time 



D.4 Societal Considerations 


Transportation interacts both directly and subtly with all the elements 
affecting our quality of life. Where we live, where we work, our health, 
the way we use our land, the noise levels to which we are subjected, our 
ability to see the world around us, the flora, the fauna — all these 
and all the other concerns dealt with in environmental impact statements 
are Influenced by our transportation systems. 

In spite of the profound, pervasive consequences of transportation deci- 
sions, little is known of the way such consequences are propagated through 
our physical and social environments. The relationship between air pol- 
lution and people's health status, for example, is not understood. Val- 
idated analytic models for estimating the effects of emissions of a can- 
didate transportation mode on health are non-existent. As a consequence, 
emission standards are defined and vehicle emissions are used as criteria 
in evaluating alternative transportation modal concepts. Vehicle emis- 
sions are, however, a performance characteristic of a particular system 
design, not a measure of mission effectiveness. For the selection of a 
modal concept, effectiveness criteria that measure impact by the trans- 
portation system on some valued facet of the environment are more appro- 
priate. People's health status, visibility of the areas in which we 
live, and effects on flora and fauna would define some of the factors 
that make emissions important to us and would be, therefore, proper 
transportation system effectiveness criteria. In general, the poor 
state-of-the-art in modeling the mutual interactions and continuous 
feedback between transportation and its total environment necessitates 
the use of makeshift approaches to the analysis and evaluation of alter- 
native transportation modal concepts: 

(1) the use of performance criteria where effectiveness criteria 
would be more appropriate 

(2) the use of effectiveness criteria, with analysis accomplished 
by eliciting judgmental estimates from knowledgeable personnel 

(3) avoiding the problem by omitting troublesome criteria from 
explicit analysis and evaluation; the impacts omitted from 


- 175 - 



analysis and evaluation may, of course* be factored Into the 
decision by the decision-maker in some intuitive and, hence, 
unknown manner. 

Approach (3) has been standard practice in transportation planning until 
the recent pressures for explicit reporting of the bases for decision- 
making, Approach (1) is used where "hard" data and known models are 
available; estimation of the relationships between performance criteria 
and effectiveness criteria is, of course, accomplished by Judgment and 
intuition and is* tnerefore, not easily reviewed, discussed, or communi- 
cated. The ECONERGY methodology is based on approach (2) in order to 
assure that the information generated by the analysis activity, using 
the best available techniques and data, is the information responsive 
to the needs of the decision-maker's value system, and that the output 
of analysis is explicitly evaluated through application of an agreed-on 
evaluation model. 

0.5 Technological Potentials for t h e Year 2030 

A number of different technologies and aggregations of these technol- 
ogies bear directly on transportation systems. For purposes of dis- 
cussion, these technologies can be grouped in various ways such as by 
categories of vehicle type, subcomponent technology, scientific discipline, 
etc. In the following discussion, the areas of technology will be grouped 
insofar as possible, primarily by subcomponent technologies together 
with examples discussed in the context of transportation vehicle systems. 

All transportation systems require at least one step of energy con- 
version where the final form of energy is that of the mechanical 
energy propelling the payload being transported. In this sense, the 
automobile, for example, can be considered an overall energy conversion 
device that converts the chemical energy of the fuel into the mechani- 
cal energy necessary to transport passengers. Technological efforts 
are directed toward decreasing costs and energy consumption and improv- 
ing performance while simultaneously satisfying requirements set by 


- 176 - 



certain social and environmental considerations. 


Directions of technological endeavor, primarily at the vehicle level, 
include the following: 

1. Decreasing the energy loss associated with vehicle motion. 

Exampl es : 

• Decreasing the rolling friction of trains by the method of 
magnetic levitation. 

• Decreasing aerodynamic drag of a transport aircraft. 

2. Storage and regeneration of braking energy. 

Examples: 

• Use of on-board flywheels to store and reuse energy 
required in braking (called "regeneration'*). 

• Use of electrical regeneration systems that feed the 
braking energy back into the feeder system of an electric 
railroad. 

3. Increasing the efficiency of chemical fuels and their energy 

conversion devices. 

Example: 

• Decreasing the specific fuel consumption of an aircraft 
turbojet engine by increasing turbine inlet temperature. 

4. Decreasing the mass of the vehicle relative to payload. 

Example : 

• Decreasing the mass of a railroad car by means of all- 
aluminum construction. 

5. Improving efficiency of operation of energy conversion 

devices through improved information processing and control. 

Example: 

• Use of mini -computers in automobiles to monitor and adjust 
the engine for minimum fuel -consumption under all opera- 
ting conditions . 

D.5.1 Decrease in Energy Loss Associated with Vehicle Motion 
A significant fraction of the total energy expended by transportation 
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vehicles is allocated to overcoming resistance to forward motion. For 
aircraft* the primary source of resistance is aerodynamic drag while 
for wheeled vehicles the resistance comes from both aerodynamic drag 
and rolling friction. Rolling friction results from friction in wheel 
bearings, inelastic flexing of the wheels/tires, and from contact with 
the surface over which the wheel is rolling (including some degree from 
sliding). There is also a certain amount of energy expended by motion- 
and vibration-damping devices, although this tends to be minimal. 

D.5.1.1 Aerodynamic Drag of Flight Vehicles 

Since for an aircraft in steady flight the drag forces equal the engine 
thrust forces, it is clear that any reduction in drag will serve to 
conserve fuel. Depending upon the nomenclature used, the total air- 
craft drag is considered to be composed of two or three components. 

The induced drag is the penalty paid for the aerodynamic lift that 
supports the aircraft, whereas the profile drag and skin friction drag 
(sometimes called parasite drag) are the penalties associated with mov- 
ing a body through a viscous fluid. 

D.5.1.2 Induced Drag 

Induced drag can be decreased by increasing the effective aspect ratio 
of the wing. Because the air pressure on the lower surface of the wing 
is greater than on the upper surface, there tends to be a flow of air 
around the tip from the lower to the upper surface. Since the wing is 
moving forward, this flow results in a trailing vortex that consumes 
energy. This effect can be lessened by making the wing longer and 
narrower (increasing the aspect ratio). It can also be lessened by 
employing a winglet to help block the flow around the tip. 

It has been estimated that the use of winglets offers a potential saving 
of A% - 6& in fuel consumption. However, the decrease in drag is 
obtained at the expense of higher wing bending moments, which, in turn, 
tend to increase structural weight. According to conclusions drawn 
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by the Douglas Aircraft Company (NASA CR-137923, 1976), there can be 
a net benefit from the use of winglets. 

D.5.1.3 Supercritical Airfoil 

There is a newly- developed airfoil shape that essentially increases 
drag-divergence Mitch Number of a given wing relative to conventional 
shapes. This, in turn, can be translated into reduced wing structural 
weight, either by decreasing the required sweepback angle and/or 
increasing the allowable wing thickness. It is difficult to assess the 
potential benefit of this development because of the complexity of pos- 
sible design tradeoffs. Only an overall design optimization study can 
determine the magnitude of the fuel -conservation potential of the 
supercritical airfoil for a particular aircraft of for a generic 
family of aircraft. For example, at a cruise Mach Number of 0.8, a 53 
reduction in fuel consumption has been computed by changing to a super- 
critical airfoil in the DC-9 aircraft derivative. 

D.5.1.4 Laminar Flow Control 

By removing the boundary layer from the aerodynamic surfaces, skin 
friction drag can be reduced and laminar flow enhanced (which further 
reduces drag by delaying the onset of turbulent flow). This can be 
accomplished by suction of the boundary layer through holes or slots 
in the surfaces. Although drag reductions equivalent to 153 to 203 
reduction in fuel consumption were achieved under laboratory conditions 
as long as 25 years ago, the concept has not been exploited because the 
problem of the holes becoming clogged with foreign matter has not yet 
been solved. 

D.5,2 Storage and Regeneration of Braking Energy 

For vehicles that make frequent stops and starts, a significant frac- 
tion of the total propulsion energy is associated with the braking 
phase. With automobiles, this mechanical energy is converted to ther- 
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mal energy by the brakes and is dissipated into the air. However, in 
the case of a subway, If the braking energy is dissipated to the air 
as thermal energy, an auxiliary cooling system must be installed to 
remove this heat from the subway tunnels. For this reason, and for 
the purpose of conserving energy, various techniques are being studied 
to "regenerate" the braking energy, that Is, to conserve and re-use it. 

With electric railways using a D-C feeder system, one way of accomplish- 
ing this Is to feed the braking energy, in the form of D-C electrical 
current, back into the feeder system It is estimated that currently 
75% of the braking energy can be recycled, depending upon the "receptivity" 
of the feeder system, which is determined by the characteristics of the 
vehicle/feeder dynamics. 

Another technological area that is being explored is that of storing the 
braking energy in a flywheel aboard the vehicle for use during sub- 
sequent acceleration. Studies to date indicate that flywheel storage 
and regeneration can be accomplished with approximately the same effi- 
ciency as the electrical regeneration. However, flywheels have the 
advantage of storing the energy aboard the vehicle, thus assuring a 
ready recipient of the regenerated energy (which might not occur in the 
previously described regeneration method) as well as providing a limited 
source of emergency propulsion energy in case the feeder line experiences 
a "blackout." 

Electric automobiles may be able to extend their range significantly and 
conserve energy by use of a flywheel plus the necessary solid state 
electronic devices for regenerating braking energy. Although without 
a flywheel, braking energy could be channeled to the batteries for temp- 
orary storage, it would be required that they efficiently store the 
energy at the high rate at which it is produced in braking and that they 
recycle It efficiently. Currently, regeneration of braking energy for 
automobiles appears potentially more efficient with flywheel storage, but 
future technological developments in electro-chemical energy storage sys- 
tmes might change this picture. 
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It should be noted that the recent achievement of efficient regeneration 
capability has as its basis recent technological accomplishments in 
the solid state electronic field that have made possible the efficient 
conversion of D-C voltage into multiphase, variable-voltage, variable- 
frequence A-C voltage at high power levels. 

D.5.3 Chemical Fuels and Their Energy Conversion Devices 

In examining the potential impact of new technology in this area, with 
reference to the year 2030, it can be seen that the direction and impact 
of new technology is determined not only by technical improvements feed- 
iiiy the technology from the inside but also by changing conditions on 
the outside, such as changing availability of fuel and changing soci- 
etal requirements such as those dealing with pollution. 

As the supply of petroleum decreases in quantity and quality, we can 
expect that increasing technological efforts will be directed toward 
developing engines capable of utilizing fuels with "degraded" charac- 
teristics. Such efforts are already underway in the case of the air- 
craft turbojet engine, where it is desired to provide the capability of 
utilizing fuels with higher aro.tatic content than allowed by current 
specifications. However, this type of technological improvement is a 
response to a new need, rather than the exploitation of a new techno- 
logical innovation. The merit of this new technology is not that it 
improves transportation system operation but that it tends to lower 
the rate of increase of fuel costs {English and Liu, 1977}, 

Alternative fuels such as liquid hydrogen, liquid methane, ethanol and 
methanol have been considered for various transportation systems. Of 
these, hydrogen fuel has perhaps had the most attention, its attract- 
ive features being its high energy per pound and the fact that the 
product of combustion is water. However, on the problem side is hydro- 
gen's low density, the problems of dealing with cryogenic systems, and 
the unfavorable net energy analysis associated with hydrogen production 
and storage. 


- 181 - 


Aircraft design studies have indicated that hydrogen- fueled aircraft 
are technologically feasible but that high overall costs of using hydro- 
gen fuel make the system more expensive, both in terms of total energy 
expended and in terms of monetary cost* than aircraft systems utilizing 
synthetic jet fuel produced from coal. 

High-energy fuels for turbojet engines have been studied for many years. 
One of the more exotic was a boron-based fuel which provided the poten- 
tial for decreasing aircraft gross weight (for equal range and payload) 
by approximately 40%. (Problems of cost, availability and net energy 
analysis, as well as technological problems, precluded its serious 
pursuit). 

Methanol has a heat of combustion of 8,600 BTU/lb compared with 19,100 
for gasoline (they have roughly the same density) and has been mixed 
with gasoline to form a fuel that has been burned in standard auto 
engines (with no adjustments). Ethanol has a heat of combustion of 
11,500 BTU/lb and its weight is also suitable for use in ground trans- 
portation. 

At the present time, there are technological problems with both methanol 
and ethanol in connection with their use for fuels for internal combus- 
tion engines and their cost is currently higher than gasoline. However, 
in competitioin with synthetic fuel from coal, methanol and/or ethanol 
(or chemical derivatives of these) can be expected to have an impact 
on some portion of the transportation fuel spectrum. 

0.5.4 Decreasing the Mass of the Vehicle Relative to Payload 

It is well recognized that in the case of aircraft, there is great 
incentive to minimize non-payload weight; the value of one pound of 
weight saved during the design stage may be several hundred dollars. 

It was pointed out in Section D.5.1 that induced drag is the penalty 
paid for aerodynamic lift. It is, therefore, one of the parameters 
that couples changes in aircraft weight to changes in propulsion energy 
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required. For example, improvements in aircraft structural weight effi- 
ciency are expected from new structural materials — particularly fila- 
ment-reinforced composites — as well as from decreases in dynamic loads 
made possible by active control systems. However, other types of vehicles 
have not. In the past, fostered the same degree of incentive to minimize 
mass. The conventional railroad car is an example where the cost-versus- 
mass tradeoffs were very different from those of the aircraft, resulting 
in rather massive construction. 

It is particularly important for future high speed vehicles employing 
levitation (such as air-cushion or magnetic) that structural technology 
developed for aircraft be tailored and exploited in their non-aircraft 
applications because of the important implications for energy expenditure 
and costs of the guideways. 

D.5.5 Improving Information Systems for Control and Communication 

The growing field of technology in solid state and electro-optical 
devices in the processing of information has potential for a very large 
impact on transportation systems of the future as discussed below. 

D.5.5.1 Control and Management of Energy Conversion Systems 

It can be expected that small, on-board computers or micro-processors 
will play a major role in monitoring and controlling the energy management 
of vehicles ranging from small automobiles to trains and aircraft. In 
autos, these devices would' not only maximize efficiency of the propulsion 
system (electrical or internal -combustion) and manage energy regeneration 
under varying operating conditions, but would also interact with the 
driver in various ways to Improve safety. 

D.5.5. 2 Control of Aircraft Dynamic Response 

The control -configured aircraft is another conceptual advance in tech- 
nology made possible by computer-based control-system technology. By 

eP 
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providing active "artificial" aerodynamic stability, this concept allows 
the use of new aircraft configuations that are tailored to minimize 
aerodynamic drag and structural weight. 

Active control systems also provide a decrease in flight loads for 
conventional configurations by means of gust-alleviation and lift-dis- 
tribution control. It has been estimated that active control technology 
would allow structural weight reductions up to 14% (Grey, 1974). 

0.5. 5. 3 Control of Movement (Guidance and Velocity) of Automobiles 

Automatic pilots for aircraft have been used for many years. However, 
similar devices for automobiles have not been exploited — undoubtedly 
due, in part, to the complexity of the problems that would have to be 
dealt with, as well as to the technical difficulties that would be 
encountered in obtaining the necessary information inputs. 

It might be expected that at some future time, on-board microprocessors 
in automobiles could be linked to computer systems serving special 
throughways so that, while the automobile was traveling on the control 
highway link, its movement would be controlled in both position and 
velosity so as to obtain optimum traffic flow. 

D.5.5.4 Use of Optical Information Transmission Systems 

A serious problem encountered with the information transfer to and from 
an electric railway vehicle utilizing high-voltage feeder lines, together 
with pulse-width modulation inverter equipment, is the problem of elec- 
trical noise. The same problem exists with on-board information transfer 
Electrical filtering and shielding provide only a partial solution. 
However, new applications of the technology of information transmission 
by optical means (fiber-optics and laser-beam transmission) can have a 
significant impact on the operation and safety of transportation vehicles 
such as high-speed tracked vehicles, because optical transmission 
is not subject to electrical interference. 
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0.5.6 Maximum Capacity of a Transportation System 


For a given transportation system, as the demand grows Increasingly 
large, It is Inevitable that at some point In time the maximum pas- 
senger-carrying capacity, or freight -carrying capacity, will be reached 
-• even with all possible additions to the various system components and 
with maximum improvements in efficiency of operation. 

Obviously, as this point Is approached, it is necessary to have built 
the capability to phase in a new system to meet the Increasing demand. 
But in order to do this, we must have previously completed the neces- 
sary planning, research, development, testing, engineering, etc., suf- 
ficiently far In advance of the time of need. 

It is difficult to predict the maximum capacity of a system because, 
fcr any system, various actions can be taken along the way that will 
incrementally increase the capacity and thereby postpone the time at 
which the maximum point is reached. Some of these will be based on 
technology and innovations not yet in existence. Likewise, it is 
even more difficult to predict the year In which a given system will 
reach its maximum capability because the question of '“when" introduces 
additional uncertai ities into the picture. However, what we can pre- 
dict is that there is a level, for every system as we know it today, 
at which the system will approach saturation. By studied analysis, 
it is possible to compute, for a set of conditions assumed to exist 
at a specified future time (together with assumed pathways leading 
from the present time to the future time), an estimate of maximum 
capacity and the date at which it will be reached. 

The purpose of this section is to illustrate the factors involved in 
this type of endeavor and to illustrate how this approach can be used 
as a planning tool for new transportation systems. 

In order to provide some feeling for the condi ton of saturated payload- 
carrying capacities, a hypthetical example will be presented. Fol- 
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lowing this, a simple conceptual model is u: ad to examine the question 
of system capacity and the basic factors that determine maximum capacity. 

0.5.6. 1 Hypothetical Example 


As an example to illustrate a situation in a single transportation 
link approaching saturation, consider the case of air transportation 
between two terminal points corresponding to the Los Angeles and San 
Francisco areas. For simplification, the airport and terminal facilities 
at each of the two areas are treated as a single aggregated unit. 

The following assumptions are made regarding the characteristics of the 
system link and the passenger flow rate: 


• air distance between terminal points: 547 air- kilometers 

• number of passengers per aircraft: 400 passengers 

(this would correspond with an 80* load- factor on the 

500 passenger Boeing 747-SR) 

• the annual travel rate between these two terminal points: 
10.4 x 10 9 passenger-kilometers per year 

• the traffic: equal in the north and south directions. 


CASE 


Squat Distribution of Traffic Load Over 24 Hours 


Using the assumptions listed above, together with the assumption that 
traffic volume is evenly spread over the 24 hours of the day, we can 
calculate the corresponding number of vehicles landing plus take-offs 
at each terminal per hour: 

9 

Vehicles/hour = — - — — x - 

(24) (365) (547}(40Q) 

a 5.4 vehicle landings plus take-offs per hour 
at each terminal 


This is equivalent to one Los Angeles/San Francisco-1 ink vehicle land- 
ing or taking off every 11 minutes at each terminal. This corresponds 
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to 4400 LA/SF-link passengers per hour continuously moving through each 
terminal * 

CASE IT, Flaking Distribution 

If we now consider the more realistic situation wherein traffic flow 
Is not uniform throughout the day and night* and If we apply a dally 
peaking factor of 1.5 (this would correspond to a situation of no traf- 
fic during 8 hours of the night, the total then being distributed evenly 
over the remaining 16 hours), the following traffic rates result; 

Aircraft per hour; 8,2(1 aircraft landing or tak- 

ing off every 7,3 minutes) 

Passenger arrival/departure rate; 400 passengers every 7,3 min- 
utes or 3,£SU passengers per 
hour 

Recall that this is traffic over only one link of the system — that 
between Los Angeles and San Francisco. If, for example, we assume 
that this constitutes as much ars 51. of the traffic at the LAX complex, 
the total traffic at LAX in our hypothetical example, during the 
spread-out peak period.would be something like 164 aircraft per hour, 
or one aircraft landing or taking off every 22 seconds, with a pas- 
senger flow through the terminal of approximately 32,780 passengers 
per hour, or 0,79 million passengers per 16 hour day. 

It might be mentioned that the figure of 10.4 \ 10 9 annual passenger 

kilometers was obtained by assuming a conservative average annual 

growth rate of 4'S In air traffic between Los Angeles and San Francisco 

9 

based on an estimated 1,15 x 10 air passenger kilometers in 1975 and 
allowing this growth to continue until the 2030 time frame. The 4* 
growth rate is considered a conservative estimate since the growth rate 
in 1977 for U,$, domestic passenger miles and revenue ton-miles of 
air freight was 14t. 



D,5,6,2 An Example of Growth and Capacity limitation 

As mentioned above, the problem of estl mating "absolute" capacity is 
complex because of the many components Involved through which the flow 
of passengers or freight must move ** components having different 
limitations and options f or expansion when a particular one becomes 
the f low* rate* 11ml ting bottleneck; As an illustrative example, the 
situation with the tes Angeles tnterhatlonal Airport (LAX) and the Us 
Angeles area airport complex Is useful to examine. 

Currently , the "official" maxi mum capacity for IAX Is set at 40 million 
passengers annual llyi In the year 10?', IAX handled 2B,4 million pas* 
sengers, The 40 mill ion capacity figure Is based not upon air space 
limitations but upon ground access limitations that will determine 
passenger flow* rate in the future even after planned Improvements have 
been madd The present passenger flow* rate of 2$, 4 million severely 
taxes current ground*access facilities at peak periods and is begin* 
nlngto causean impact In the form of viol ays during non*peak hours 
as well v Because of this, it Is planned to provide additional ground* 
access facilities at LAX In the near future, 

with four parallel runways in combination with Qalifornt a' s good 
weather, IAX is estimated to have a flow* rate potential , in terms of 
aircraft* handling capability * of nearly BO million passengers annually. 
Therefore, It Is clear that the limitation on maximum capacity lies 
in the ground*access portion of the passenger flow fad l Hies, 

It has been estimated by the Us Angeles Department of Airports that 
the maximum passenger flow-rate capbillty for IAX (of 40 million) will 
be reached in 1905, at which time It is planned that the new l?, ODD* 
acre Palmdale Airport will begin operations;, By the year: it Is 

foreu its four p^OOO^foof runways plus two STOt runways, 

Palmdale Airport will be handling 12 million passengers annually, 

Ontario Airport, which is a component of the Us Amides area air* 

* IBB* 


port complex* currently handles 1,5 million passengers annually. How- 
ever* the limitations on maximum capacity for Ontario Airport, which is 
estimated ultimately to be about 15 to 20 million passengers annually* 

Is expected to be determined by air space limitations (because of the 
proximity of March and Norton Air Force Bases). As a means of expand- 
ing the current capacity of Ontario Airport* a new runway and new 
terminal -complex facilities are planned for construction. 

In terms of the conceptual model discussed In Appendix C> it can be 
seen that the major source of Increased capacity Is that of providing 
additional conduits on the ground (primarily additional runways). How- 
ever* in the case of Ontario Airport* when the airspace reaches satura- 
tion* the only way to further Increase passenger flow rate will be to 
increase the module capacity. The criterion of minimum allowable headway 
was not a limiting factor for any of the above mentioned airports. 

Based on the numbers presented above* together with similar estimates 
for other facilities in the los Angeles area airport complex* we might 
estimate a maximum capacity on the order of 130. to 150 million pas- 
sengers annually in the year 2030, 

Based on the M exponential growth rate used in the previous example, 
it was estimated that In the year 2030 the number of passenger kilo- 
meters flown on the tA/SF-1 Ink would be 10,4 x 10 9 annually. Using 
this value to calculate the corresponding number of passengers pas- 
sing through each terminal facility annually gives; 

n |g million t.A/SF-1 ink passengers annually 
per 'terminal , 

This level of need* for the LA/ SF- link alone, amounts to about 14* of 
the total available airport capacity estimated for the year 2030 
(discussed above), in order to make this lit figure correspond with 
the current value of 5,2tt (the current percentage of LAX area pas- 
sengers who travel to the San Francisco area)* we would reguire an 



airport capacity of 364 million annual passengers — a capacity £.7 
times the currently estimated maximum capacity * In the year 2Q3G. 

It appears that this flow-rate cannot he handled realistically by 
presently planned expansions* therefore* If the level of passenger 
flow-rate Is really nearing the maximum capacity of the airport sys- 
tem complex, and if the demand for high speed transportation continues 
to grow, a great deal needs to be done prior to this date In order to 
provide the system that will furnish the additional needed capacity* 

D.S.6.3 Exponential Extrapolations 

The above example demonstrates one of the possible pitfalls of expo- 
entlal extrapolation. While in real systems there may be a portion 
of the growth cycle during which the growth Is exponential, inevitably, 
one or mere constraints begin to operate to tip the exponential curve 
towards the horizontal as it approaches some asymptotic value. 

The point of this example is to show that even with anticipated expan- 
sions and construction of new facilities for handling air traffic, 
it is to be expected that at some date a saturation level will be 
approached. And it is evident that even before this point is reached, 
there will be manifested a demand for a new high-speed transportation 
system that will embody, or improve upon, the desirable characteristics 
of air travel — both for passengers and freight. 



